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“A tarefa não é tanto ver aquilo que ninguém viu, mas pensar o que ninguém ainda pensou 
sobre aquilo que todo mundo vê.” Arthur Schopenhauer 
 
 
Saudade is a Portuguese word for a feeling of nostalgic longing for something or someone 
that one was fond of and which has been lost. It often carries a fatalist tone and a repressed 
knowledge that the object of longing might never really return. It was once described as “the 
love that remains” or “the love that stays” after someone is gone. 
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Abstract 
 
Physical activity and sedentary behaviour have been associated with health and 
developmental outcomes in young children but evidence in toddlers is scarce. The aim of this 
Doctorate was to conduct a number of studies that add to the evidence-base on sedentary 
behaviour and cardiovascular health in toddlers (0-3 years) and contribute to improving 
children’s health and wellbeing. 
This Doctorate thesis comprises a literature review, followed by five papers. 
The first paper Adiposity, Physical Activity and Sedentary Behaviour - Associations with 
Retinal Microvasculature in Children and Adolescents. A Systematic Review included twenty 
studies representing 24,448 participants, from 12 countries and results showed that adiposity 
was associated with microvascular alterations in children and adolescents.  
The second paper Associations Between Breaks in Sitting Time and Cardiovascular 
Health in Children and Adolescents: A Systematic Review included seven studies, representing 
9,116 participants, from 6 countries. This review found five observational studies and four 
experimental studies showing associations between breaks in sitting time and cardiovascular 
health, i.e. an increased number of breaks in sitting time was negatively associated with a 
cardiovascular health outcome. No associations between number of breaks in sitting time and 
cardiovascular health outcomes were found in the six remaining studies. 
The third and fourth papers comprised 266 and 265 toddlers (48% and 49% girls 
respectively), aged 19.6±4.2 months; and the fifth paper 167 children (49% girls), aged 
19.5±3.9 months from the GET-UP! Study, NSW, Australia. For these papers data were 
gathered between March and August 2016 and for the fifth paper from February to July 2017. 
For papers three, four and five, height, weight, waist circumference (WC) and blood pressure 
(BP) were assessed according to standard protocols. In paper three, sitting time was assessed 
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with ActivPAL accelerometers while, in paper five, it was assessed with Actigraph GT3X+ 
accelerometers.  
The third paper Association between Breaks in Sitting Time and Adiposity in Australian 
Toddlers: results from the Get-Up! Study indicated that the number of breaks in sitting time 
significantly predicted a lower WC.  
The results of the fourth paper The Get-Up! Study: Adiposity and Blood Pressure in 
Australian Toddlers showed that overweight children exhibited higher systolic and diastolic BP 
z-scores than non-overweight children, although these were not significant after adjusting for 
potential confounders. 
The fifth paper Sitting Time and Blood Pressure in Australian Toddlers: longitudinal 
results from the Get-Up! Study showed that the percentage of time spent sitting over a 24-h 
period did not predict systolic and diastolic BP over a 12-month period, in toddlers.  
The findings from this thesis suggest that young children may be a potential target group 
for limiting prolonged sitting time to prevent future increased cardiovascular risk. The 
significance of reducing sitting time in toddlers may be an important public health message for 
those working with this population. From a public health perspective, it is important to assess 
BP levels and adiposity, as well as promote healthy lifestyles from a young age, since adiposity 
tends to track into childhood, adolescence and even adulthood. More epidemiological evidence 
is required to inform lifestyle interventions and public health policies, which could translate 
into long-term benefits to population health.   
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1.1. Introduction 
Cardiovascular disease (CVD) is the largest cause of death among adults worldwide (1) 
and, therefore, its prevention has been a public health priority in many high-income countries, 
over the last 50 years. As cardiovascular risk factors track from childhood to adulthood (2-6), 
reducing lifetime risk for CVD has been an important principle that underlies all cardiovascular 
prevention strategies, including those beginning in childhood (7). Preventing CVD should begin 
during childhood, to detect children with risk factors or risk behaviours for CVD, so one can 
intervene early and diminish their risk of developing CVD during adulthood (8).Obesity, high 
blood pressure (BP) and lack of physical activity are important cardiovascular risk factors in 
childhood (7, 9, 10).  
The presence of multiple CVD risk factors is also associated with striking evidence of 
an accelerated atherosclerosis process (7). It is known that this process, which leads to CVD, 
begins early in life and continues throughout childhood and adolescence (2, 4, 7, 11) with the 
incidence and changes in cardiovascular risk factors linked to the severity of atherosclerosis in 
childhood and adulthood (2, 4, 5, 11). Findings from Gopinath et al. (12) imply a probable 
tracking of the effects of body mass index (BMI) on microvascular structure from early to late 
childhood and adulthood, meaning that there is a strong link between paediatric adiposity and 
possibly subsequent cardiovascular risk in late adolescence and adulthood, highlighting the role 
that changes in microvasculature early in life play in subsequent adult CVD. 
Paediatric hypertension is an evolving global chronic health issue of importance to 
public health researchers. The prevalence of paediatric hypertension remains debated (13). The 
disparity between the reported numbers may be due to a variety of factors, including the number 
of screening visits and BP measurements, the method of measurement (manual or 
oscillometric), the use of different reference values and also population factors (14). Gender 
aside, BMI is the strongest determinant for adolescent BP (15, 16) and both hypertension and 
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prehypertension have become important health issues in children due to the strong association 
between high BP and overweight and the marked increase in the prevalence of obese children 
over the past 30 years (7). 
Emergent data shows that constant elevated BP in children tracks into adulthood and 
may lead to cardiovascular alterations. Therefore, screening for hypertension during childhood 
is recommended to start around the age of three years (7, 14, 17). There is still some controversy 
around the definition and diagnosis of hypertension in young children, as well as practical issues 
adjacent to the measurement of BP itself (13). However, this should not be an impediment to 
physicians screening their patients as per recommended guidelines, particularly focussing on 
obese and overweight children, as this is an especially high-risk population, in which screening 
for hypertension is of particular importance (13). 
Given the high and increasing prevalence of childhood obesity (18-20), probably due to 
an increase in consumption of energy-dense and nutrient-poor food, less time spent in physical 
activity and more time spent in sedentary behaviour (21), there is a need to support measures 
to prevent and reduce future sequelae of childhood obesity.  
Physical activity is beneficial at all stages of life. During infancy and toddlerhood, active 
play is crucial for physical, mental and social development (22, 23) and plays a major role in 
preventing childhood and adolescent overweight and obesity, consequently decreasing the 
health risks associated with excess weight (24). Furthermore, physical activity facilitates setting 
up patterns of engagement in physical activity that, hopefully, will last across life (25, 26). 
While research has shown that physical activity has several health benefits in children 
(27, 28), evidence on the associations between sedentary behaviour and health outcomes in this 
age group is less consistent (29-32). Recent evidence showed that excessive sedentary 
behaviour or “too much sitting” has a negative impact on adults’ health, independent of 
moderate- to vigorous-intensity physical activity (MVPA) (33-35). Evidence in adults suggests 
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that prolonged bouts of time spent sitting may be a risk factor for all-cause mortality (34) and 
that frequent interruptions in sedentary time can lower postprandial glucose and insulin levels 
in healthy but overweight or obese adults (36, 37). However, the overall evidence on sedentary 
behaviour or breaking up sitting time and health benefits in children and adolescents is less well 
known (29, 30, 38-43).  
 
1.2. Background 
 This section of the chapter presents the pertinent literature related to this doctoral thesis 
main aim providing a rationale for the research conducted in this thesis. For this review, the 
behavioural epidemiology framework was used (44) and focused on two phases: i) to establish 
the dose-response relationship/association between the sedentary behaviour and health 
outcomes, and ii) to identify the factors that influence sedentary behaviour. 
 
1.2.1. Cardiovascular Health 
In public health, primary prevention is the most cost-effective, affordable and sustainable 
strategy to manage the current high prevalence of non-communicable diseases (45). Non-
communicable diseases, also known as chronic diseases, tend to be of long duration and are the 
result of a combination of biological factors (e.g. hypertension, overweight and dyslipidaemia), 
behavioural factors (e.g. physical inactivity, diet, alcohol consumption and tobacco use) and a 
complex net of society-related factors (45). Even though these diseases are influenced by non-
modifiable risk factors, some of the risks associated with age and gender are, in fact, modifiable. 
Globally, non-communicable diseases account for 70% of mortality (46). Cardiovascular 
diseases and elevated BP account for the majority of this percentage. They are estimated to 
annually cause 17.7 million (44%) and 7.6 million (19%) deaths, respectively (46). An 
important way to control non-communicable diseases is to focus on reducing the risk factors 
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associated with these diseases. Prevention of CVD has been a public health priority in many 
high-income countries over the last decades. However, the prevalence of non-communicable 
diseases and their risk factors has been steadily increasing among lower income countries and 
populations (45). 
A CVD risk factor is “any attribute, characteristic or exposure of an individual that 
increases the likelihood of developing a disease or injury” (47) that has no geographic, 
socioeconomic or sex boundaries (48). Given that much of the CVD burden worldwide is 
avoidable, efforts to decrease modifiable risk factors are urgently needed. According to the 
World Health Organization (WHO) (49), the key modifiable lifestyle or behavioural risk factors 
for CVD worldwide are tobacco use, physical inactivity, harmful use of alcohol and unhealthy 
diet. Other CVD risk factors include elevated low density lipoproteins (LDL), low HDL, high 
BP and obesity (7, 50, 51), diabetes (7, 52) and family history of CVD, age and gender (7), 
specifically women (53, 54). It is known that the probability of developing CVDs increases in 
relation to the intensity of exposure to major identified risk factors (52). 
Cardiovascular risk factors have been observed in younger individuals and are important 
factors to identify a population at risk (55). Worldwide, the prevalence of cardiovascular risk 
factors in youth is elevated (56), particularly among the overweight and obese. This is important 
given the short- and long-term health consequences, and also because identification of risk 
factors in adolescents has been shown to contribute to a reduction of future CVD (55). 
Among adolescents, the most prevalent cardiovascular risk factors are excess of 
adiposity, lipid profile, lack of fitness, sedentary behaviour and lack of physical activity (7, 9, 
57), and history of CVD in the family (55), whereas in young children lack of physical activity 
and obesity are probably the most prevalent risk factors of CVDs affecting this age group (7, 
58). 
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It is recognised that cardiovascular risk factors track from childhood to adulthood (2-5, 
59). As tracking refers to both the stability and predictive ability of a variable measured at 
different time points (60), prevention of CVD should begin during childhood, to detect children 
with risk factors or risk behaviours for later CVD, so we can intervene early and diminish their 
risk of developing clinically manifested diseases during adulthood (61). 
The screening for cardiovascular risk factors in children and adolescents, should consider 
two different types of prevention: primordial prevention (62) and primary prevention (11, 63). 
Primordial prevention refers to preventing the development of CVD risk factors in childhood, 
whereas primary prevention implies identifying and treating children with major risk factors, 
due to the presence of at least one severe risk factor or multiple risk factors, given that these 
children are predisposed to develop clinical diseases several decades later (11, 62-64). In this 
sense, screening is probably the most important tool available to achieve the goal of having a 
world population as healthy as possible. Current guidelines from the National Heart, Lung and 
Blood Institute (NHLBI) state that paediatric CVD prevention takes place in two different but 
related settings: clinical practice and public health. Public health measures will have an effect 
on prevalence, but without medical identification and treatment, successful risk reduction 
cannot occur (64). The integrated guidelines for the cardiovascular health from NHLBI suggest 
that screening for CVD risk factors should be done at different ages throughout childhood 
because the atherosclerotic process begins during childhood (64). 
CVD is a global health problem that demands a global approach to prevention (48). 
Therefore, it is critical that children and adolescents are routinely evaluated to prevent the 
aggravation of biochemical and anthropometric changes, since nowadays living habits such as 
sedentary lifestyle and changes in eating patterns of this population are also associated with 
increased cardiovascular risk (55). 
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1.2.2. Atherosclerosis 
Atherosclerosis is the pathophysiological process that underlies most cases of coronary 
heart disease, cerebrovascular disease, and aortic and peripheral vascular disease (65). It is also 
an overall term used to define hardening and thickening of the arterial wall and includes both 
atherosclerosis (large vessel arteriosclerosis) and arteriolosclerosis (small vessel 
arteriosclerosis) (66).  
Atherosclerotic lesions begin to develop early in life, with an inflammatory process (67), 
independently of race, sex or geographical origin (65). Atherosclerosis is a lifelong disease 
process, in which the initial stages that occur during childhood and adolescence are silent and 
without symptoms, with clinical manifestations appearing in middle age or later, mainly as 
sudden cardiac death, myocardial infarction, angina pectoris, stroke, aortic aneurysm, 
renovascular hypertension, and intermittent claudication (2, 4, 7, 65, 68). It can also be seen as 
the basis of CVDs, which is connected to risk factors that are identifiable early in life (7, 69). 
Closely linked to arteriolosclerosis are the terms retinal arteriolar changes and retinopathy.  
Retinal arteriolar changes, such as generalized and focal arteriolar narrowing, or arteriovenous 
nicking, refer only to pathology involving the retinal arterioles (70); whereas, retinopathy 
specifically refers to changes that are not directly arteriolar, such as cotton wool spots, 
haemorrhages, microaneurysms, macular edema, and hard exudates (70). Therefore, retinal 
microvascular abnormalities is the term used to comprise all retinal microvascular pathology 
(71). Retina’s microvasculature comprises the vessels smaller than an upper limit between 100 
and 300 µm (72) and its morphology is represented by a series of vascular parameters such as 
calibre of retinal arterioles and venules, and their tortuosity, branching angle and fractal 
dimension (73). 
Changes in the retinal microvessels are believed to precede chronic conditions, such as 
heart disease and diabetes (70, 74) and retinal microcirculation is affected prematurely in the 
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development of atherosclerosis (75-77). These changes have been implicated as one of the 
pathways through which these early life factors may be related to the risk of CVD in late-life 
(78). 
In the general adult population, changes in the retinal microvasculature may reflect 
different systemic changes in the microvasculature. A range of morphological changes have 
been studied and they may reflect different underlying physiological and pathological states 
(78). In adults, alterations in retinal vessel caliber are considered structural markers of CVD 
and can predict future vascular events (71, 79, 80). Also in adults, the presence of multiple risk 
factors, such as, elevated BP, obesity and lack of physical activity are associated with striking 
evidence of an accelerated atherosclerosis process (64). It has been shown that both narrower 
retinal arteriolar diameter and wider venular diameter are associated with obesity (81-83), 
hypertension (71, 81-88), increased risk of stroke (89-91), diabetes (92), other components of 
the metabolic syndrome (81-83, 93) and can predict major cardiovascular outcomes (71, 79, 80, 
83, 90, 94).  
Despite the amount of evidence in adult populations, it remains unclear how 
microvascular abnormalities also affect cardiovascular risk factors during childhood. However, 
it is known that atherosclerosis also affects children’s microvascular function (95, 96), despite 
young children being healthy and fairly free of systemic CVDs, unlike the adult population 
(97). 
The associations between paediatric adiposity and the likelihood of cardiovascular risk in 
late adolescence and adulthood, emphasizes the idea that alterations in microvasculature, early 
in life, may play an important role in subsequent adult disease (12). It is known that the effects 
of BMI on microvascular structure can potentially track from early to late childhood and 
adulthood (12, 98), suggesting a strong link between paediatric adiposity and cardiovascular 
risk in late adolescence and adulthood, highlighting the role that changes in microvasculature 
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early in life play in subsequent adult disease. This highlights the necessity to avoid the 
increasing prevalence of overweight/obesity in childhood, to prevent future sequelae of 
overweight/obesity related diseases (12, 99). Moreover, retinal microvascular changes reveal 
cumulative small vessel damage from elevated BP (100). Data also suggest that associations 
between microvascular structural alterations and cardiovascular risk factors may also be present 
during childhood (74, 86, 101-104).  
Research in children and adolescents has shown that both narrower retinal arteriolar 
diameter and wider venular diameter are associated with obesity status (12), elevated BP (74, 
98, 99, 101, 104, 105) and higher BMIs (74, 98, 99, 106, 107); whereas higher WC (98) and 
screen time viewing (97) have only been associated with diameter alterations in children.  
The clinical significance of these changes, however, remain unclear. If found to be 
clinically important, retinal photography could be a useful non-invasive tool to assess and 
predict long-term microvascular changes, as well as a marker of cardiovascular risk in 
overweight and obese children (108). 
Bearing in mind the dearth of literature on retinal microvasculature available in children 
and adolescents, it becomes evident that to develop effective interventions targeting a decrease 
of future CVD morbidity and mortality, it is imperative to observe the effects of physical 
activity, sedentary behaviours and adiposity on the retinal microvasculature during childhood. 
Most studies conducted have been cross-sectional, limiting our ability to draw causal 
inferences and examine the predictive value of retinal imaging. As such, it remains unclear if 
microvascular abnormalities are a result of CVD or are part of the factors that relate to the 
development of these diseases. Therefore, examining the associations among children without 
clinical CVD may provide further insight into the pathways underlying these associations (74). 
Thus, the key question of which pathophysiological mechanisms explain the development and 
progression of CVD from early to later life remains unanswered.  
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Retinal vasculature has been recognized as a surrogate for systemic microcirculation and 
presents itself as an appropriate technique, as retinal vessel imaging offers a unique, feasible 
and non-invasive approach to assess the health hazards on a microvascular level in children and 
adolescents (99, 109-111). The retina is a unique site where the in vivo microvasculature can 
be directly visualized and observed consistently over time (71).  Also, retinal vessel analysis is 
seen as a clinical tool to predict or monitor the development and advance of CVDs and risk 
factors (72). This technique looks into the retinal vascular changes quantitatively by advanced 
imaging technology, which reflects structural and pathologic features of human 
microcirculation. The importance of assessing retinal microvasculature relies on the fact that it 
can be used as a risk stratification tool to assist clinicians in recognizing patients with 
microvascular signs who are at a higher risk of future clinical cardiovascular events (72). 
Although functional retinal imaging has been difficult to implement due to limited 
cooperation of study subjects, investigating the microvascular structure and function in retina 
may improve the understanding of the pathogenesis of hypertension and related CVD. 
Lastly and very important to note, retinal imaging has not been implemented in very 
young children (< 3 years old) (78). Given that retinal vessel diameters modifications appear to 
arise before common cardiovascular risk factors become evident (112), childhood seems to be 
an appropriate life stage to investigate how changes in adiposity or BP may affect retinal 
vessels. The Pathologic Determinants of Atherosclerosis in Youth study, based on autopsies of 
individuals that had suffered accidental death, demonstrated that quantifiable vessel injury is 
detectable in adolescents and young adults; and there is a relationship, even in youth, between 
early atherosclerotic lesions and cardiovascular risk factors, including high BP, altered lipids, 
and smoking exposure (4). 
Few studies (99, 113) highlight the role that changes in microvasculature early in life 
(between 6 and 9 years old) may play in subsequent adult disease; therefore, early screening is 
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needed to prevent future obesity-related diseases. Importantly, studies in children have shown 
that the association between retinal arteriolar narrowing and elevated BP can be observed in 
children as young as 4 to 5 years of age (73). These findings suggest that the impact of elevated 
BP on the retinal microcirculation occurs in early life (101, 105), which may then track through 
to adulthood, even before the onset of overt hypertension (73). 
An important issue is whether retinal microvascular signs are markers of cumulative, 
long-term BP damage, or only reflect a transient effect of acutely elevated BP. Available data 
suggest that further research is needed to understand the link between atherosclerosis 
inflammation, endothelial function and retinal microvascular signs, as well as, the need for 
longitudinal studies to assess the additional value of retinal imaging. 
Considering all this, it is important to reiterate the need to promote a healthy lifestyle 
from a very young age, as well as the primary and secondary prevention of CVDs (65). 
 
1.2.3. Hypertension 
Blood pressure is the force of blood pushing against the walls of our arteries as the heart 
pumps blood (114). It is a multifaceted feature that can be affected by nutrition, environment, 
and behaviour throughout the life course, including foetal and early childhood nutrition and 
growth, adiposity, alcohol use, smoking, physical activity, air pollution and psychosocial stress 
(115). BP is measured in millimetres of mercury (mmHg) and is recorded as two values – 
systolic BP (the highest pressure in blood vessels which happens when the heart contracts) and 
diastolic BP (the lowest pressure in blood vessels in between heartbeats when the heart muscle 
relaxes) (116).  
High BP, or hypertension, is defined as a systolic BP and/or diastolic BP equal to or above 
a certain threshold. There are several proposed cut-offs to classify a person as having 
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hypertension. The WHO cut-offs for adult hypertension are equal to or above 140 mmHg for 
systolic BP and/or equal to or above 90 mmHg for diastolic BP (116). 
However, given the impact of sex, ethnicity, anthropometry and the influence of both 
genetic and environmental factors on BP (117), together with variations in measurement 
techniques and definitions, comparisons of the prevalence of hypertension and its associations 
with health outcomes, across different ages, can be problematic. 
In the past, hypertension was prevalent only in the elderly. However, recent screening 
studies have showed that a substantial number of children, adolescents and young adults have 
high BP (118). This is a worldwide phenomenon, affecting youth in both developed and 
developing nations (119). Thus, high BP is no longer an uncommon childhood and adolescent 
health condition, however, it is frequently unrecognised and untreated by primary care 
providers (119). 
Prehypertension in children is defined as systolic or diastolic BP equal to or above the 
90th percentile and below the 95th percentile by sex, age and height on at least three repeated 
measures (118, 120, 121), whereas hypertension is defined as elevated systolic or diastolic BP 
equal to or above the 95th percentile by sex, age and height, on at least three separate occasions 
(121-124). However, the standard definition of hypertension in children and adolescents is 
based on the normative distribution of BP in healthy children, meaning that it is not based on 
clinical outcomes (121).  
The prevalence of hypertension is estimated to be 3% to 4% in children and adolescents 
(125) and has been increasing (118) since the 1990´s (126, 127). 
Excess adiposity is an important determinant of BP levels. The prevalence of 
hypertension in obese children ranges from 4% to 25% (118); and rates of hypertension increase 
in a graded fashion with increasing weight status (118). Indeed, obesity is the strongest 
determinant for adolescent BP, when leaving gender aside (15, 16). Obese and overweight 
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children are a particularly high-risk population in which screening for hypertension is 
particularly important (15, 126, 128). Also, the use of BMI-specific percentile charts for BP 
emphasizes the importance of body size in relation to higher rank for BP. A high BP reading 
may be within the 90th centile for its BMI, but if the BMI itself is extreme, then the associated 
BP should not be considered normal (129).  
The significance of a BP reading, higher than that of an individual’s peers at a given age, 
is of interest for its predictive value of a future tendency towards hypertension (129). Given 
that it is estimated that for every increase of 20 mmHg for systolic or 10 mmHg for diastolic 
BP, there is a doubling probability of mortality from both ischemic heart disease and stroke 
(130, 131). Hypertension is one of the most important risk factors for CVDs in adults (51, 115, 
132, 133) but it is also the most important preventable cause of heart disease and stroke (134). 
Worldwide, raised BP is estimated to cause 7.5 million deaths, about 12.8% of the total of all 
annual deaths (1, 135) and a recent global pooled analysis on the trends of adults with raised 
BP showed that the number of adults with raised BP increased from 594 million in 1975 to 1.13 
billion in 2015 (115). In this context, one of the global non-communicable disease targets 
adopted by the World Health Assembly in 2013, was to lower the prevalence of raised BP by 
25% compared with its 2010 level by 2025 (136). 
In adults, hypertension has been shown not only to be positively and progressively 
associated with the risk for stroke and coronary heart disease (131), but also with adverse health 
effects on the eye. Indeed, those with moderate hypertensive retinopathy are at increased risk 
of CVD, independently of the presence of other standard risk factors (137). Importantly is the 
role of physical activity in young adulthood, which has been recognized to blunt the rise in high 
BP with age and is associated with reduced likelihood of future hypertension (138, 139). 
Considering that hypertension has been identified to be established early in life (59, 140, 
141), hypertensive children have an augmented risk for CVDs in their adult lives.  
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High BP in childhood has been considered a risk factor for hypertension in early 
adulthood (7, 142). Therefore, hypertension and prehypertension have become a significant 
health issue in youngsters due to the strong association of high BP with overweight and the 
marked increase in the prevalence of overweight children (7, 143). Indeed, hypertension has 
short-term and long-term detrimental health-related effects in children and adolescents (119). 
Hypertensive children are more likely to develop subclinical target organ damage (119, 125, 
144) and have worse executive functions than normotensive controls (145). Moreover, 
hypertension during childhood can affect the child’s nervous system, including retinal, 
cerebrovascular and cognitive abnormalities (144), as well as leading to the development of 
stroke in childhood (144) and to the diagnosis of learning disabilities and deficit hyperactivity 
disorder (145). Raised BP in children is also known to be associated with carotid intimal-medial 
thickness (a marker of atherosclerosis (146)) in adulthood (147, 148), development of 
atherosclerosis early in life (149), increased the risk for adult hypertension and metabolic 
syndrome (3, 6, 149-152), lack of physical activity (153) and overweight and obesity (121, 154, 
155).  
The few existing data on the association between children’s weight status and BP shows 
inconsistent results. A recent study showed that early onset of excessive weight status 
trajectories were associated with elevated BP in late adolescence, in both boys and girls, 
compared to those with a healthy trajectory (156). These results are in agreement with other 
longitudinal studies (157, 158) showing that obesity is a key determinant of BP levels during 
childhood and that weight reduction in overweight children may have important beneficial 
effects on BP in later life. Conversely, abdominal obesity appeared to be significantly 
associated to elevated diastolic BP, in children aged 8-17 (159). On the other hand, a recent 
study stated that quite little is known on the role of adverse weight gain during infancy and 
early childhood, on later childhood BP (160), as there are no studies that have lasted as much 
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as necessary to directly relate high BP in childhood, to the risk of CVDs in later life. Indeed, 
the absolute risk of CVDs related with a certain paediatric BP level is still unknown (117, 161). 
However, we cannot discard the idea that children could have raised BP due to some 
underlying disorder which may be the origin of hypertension (121). Another concern to have in 
mind is the possible occurrence of the metabolic syndrome, which can be frequent in 
overweight children. Overweight and high BP are components of the metabolic syndrome, a 
condition of multiple metabolic risk factors for CVDs (162, 163). Data showed that the 
clustering of other CVD risk factors comprised in the metabolic syndrome, such as high 
triglycerides, low high-density lipoprotein cholesterol, truncal obesity and hyperinsulinemia, is 
expressively reduced amongst children with normal BP than in children with high BP (152, 
164); meaning that these last ones are at a higher risk of heart disease, stroke or diabetes in later 
life (152, 165). 
Despite all of this, both hypertension and prehypertension are under recognized in the 
paediatric population (166). BP is not measured in a significant proportion of ambulatory visits; 
hence, hypertension and prehypertension are likely to be undiagnosed in the paediatric stroke 
population as well. 
Since there is emergent data showing that constant elevated BP in children leads to 
cardiovascular alterations and tracks into adulthood (3, 6, 118, 119), screening for hypertension 
at these young ages is recommended to start around the age of three (64, 167). Therefore, if 
primary prevention is intervening to lower BP to prevent cardiovascular events, then primordial 
prevention would be interventions to prevent development of prehypertension and/or 
hypertension in childhood, causing lower BP levels to extend into early-mid adulthood (120). 
An early and accurate detection, together with an effective control of high BP in children 
and adolescents are crucial to reduce the long-term risk of CVDs and premature death in 
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adulthood (168). Specially because several clinical trials in adults have confirmed that reduction 
of BP leads to lower rates of such events (119). 
Measurement of BP and detection of hypertension in the young have important 
implications for future cardiovascular health. 
Newer techniques, such as 24-hour ambulatory BP monitoring, are now available to 
establish and confirm the diagnosis of hypertension (169, 170). This procedure allows for a 
better assessment of BP changes, by providing measurements outside the office setting and by 
evaluating BP load (a measure of duration of BP elevation). 
Furthermore, there is a lack of clinical trial data linking childhood BP levels to long-term 
outcomes (119). 
In the absence of prospective clinical trials examining long-term cardiovascular risk 
associated with childhood BP, perhaps the most important type of studies that can shed light on 
this issue are longitudinal cohort studies. Analyses of data from such studies provide alternative 
evidence that childhood BP levels do indeed have notable future cardiovascular implications. 
One rationale for screening for hypertension in children and adolescents is that early 
identification of primary hypertension could lead to interventions to reduce BP during 
childhood and adolescence, resulting in a reduced risk for cardiovascular events and death in 
adulthood. 
To date, prevention efforts have focused on lifestyle modification, especially dietary 
intervention, exercise and treatment of obesity (118). These preventive strategies can be 
implemented as part of routine primary health care for children and adolescents. 
To achieve this, lifestyle interventions are recommended to lower or maintain healthy BP 
levels. Evidence from studies in adults showed that nutritional interventions can lower BP, as 
well as, increasing levels of physical activity (130). A review of 9 studies on physical activity 
interventions in children and adolescents with obesity, suggested that 40 minutes of moderate 
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to vigorous physical activity (MVPA), at least 3 to 5 days per week, improved systolic BP by 
an average of 6.6 mmHg and prevented vascular dysfunction (171). Therefore, programs 
combining both diet and physical activity might have even better effects on normalizing BP 
values (118). 
 
1.2.4. Overweight and Obesity 
Overweight/obesity is an abnormal or excessive fat accumulation that may impair health 
(172). Obesity is a major public health concern worldwide (173-177) as its prevalence has 
nearly tripled since 1975 (20). Overweight and obesity were estimated to cause 3.4 million 
deaths worldwide in 2010 (178). In 2016, more than 1.9 billion adults (39%) were overweight. 
Of these, over 650 million were obese (13%). A recent study states that if post-2000 trends 
continue, the probability of meeting the global obesity target set by the WHO for 2025  is 
virtually zero and by 2025 we will have higher rates of global obesity prevalence (18% in men 
and 21% in women), as well as for severe obesity (6% in men and 9% in women) (179). 
However, results from several studies around the world also suggest that the obesity epidemic 
has levelled off since the early 2000s (180). 
A prevalence of overweight and obesity can also be observed in children and adolescents 
(19, 172). The number of overweight/obese children and adolescents (5-18 years old) reached 
340 million in 2016 and the prevalence of overweight and obesity has risen dramatically from 
just 4% in 1975, to just over 18% in 2016 (181). Recent data from WHO showed that the 
number of overweight or obese infants and young children (0-5 years old) increased from 32 
million globally in 1990 to 41 million in 2016 (182). Worldwide, overweight and obesity affect 
6.7% of children under the age of 5 and it is anticipated that this prevalence will rise to 9.1% 
by 2020, close to 60 million preschool children (19).  
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Once considered a high-income country problem, overweight and obesity are now on the 
rise in both developed and developing countries (18, 183). Although it seems to be a clear 
tendency towards a stabilization of the obesity epidemic in children and adolescents in some 
regions such as Australia, Europe, Russia and the USA, there is yet no consistent indication of 
a reversal of the obesity epidemic among the youngsters, meaning that the prevalence of 
overweight and obesity is higher than ever before (180). 
Body weight is influenced by an interaction of factors including dietary behaviours, 
physical activity, sedentary behaviours and genetic predisposition, among others. These 
determinants are themselves affected by complex multilevel determinants interacting at the 
individual, interpersonal and societal levels (184). 
There are several methods and procedures to measure and estimate excess of weight or 
adiposity. BMI is a simple index of weight-for-height that is more commonly used to classify 
overweight and obesity. It is defined as a person's weight in kilograms divided by the square of 
his height in meters/squared (kg/m2) (18). For children under 5 years of age, WHO defines 
overweight as weight-for-height greater than 2 standard deviations (SD) above WHO Child 
Growth Standards median; and obesity as weight-for-height greater than 3 SD above the WHO 
Child Growth Standards median (18). 
Overweight and obesity have serious short and long-term health consequences for one´s 
health. In adults, the association between obesity and cause-specific mortality is stronger for 
CVD and diabetes, in comparison to other diseases (18, 185). In this age group, obesity is also 
associated with musculoskeletal disorders (18) and some cancers (18, 186), increased mortality 
(185), coronary heart disease (187), type 2 diabetes (188). The Prospective Studies 
Collaboration analysing data from 57 prospective studies in adults, with almost 900,000 
participants, showed that each 5 kg/m2 higher BMI was on average associated with about 40% 
higher vascular mortality (185).  
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Childhood obesity affects almost every organ in the body and is associated with a range 
of health problems. It has been long recognised that childhood obesity is associated with 
increased risk of cardiovascular risk as early as in preschool aged children (9, 18, 142, 189-
191), with increased risk of adult morbidities (192), diabetes and coronary heart disease in 
adulthood (193) and anticipates later mortality (194). Also important is that between 2 and 5 
years of age, overweight children have an increased risk of being overweight adults, about four 
times higher than normal-weight children (195) and the strength of this connection increases 
during the growing years (196). 
Childhood obesity is also associated with short-term health impairments such as high BP, 
increased blood cholesterol and triglyceride concentrations (197), hypertension (18), increased 
risk for mental health problems (18, 198-200), type 2 diabetes mellitus (18, 191, 201, 202), 
non-alcoholic fatty liver disease (203), dyslipidaemia (204), , asthma (18, 205, 206), obstructive 
sleep apnoea (207), musculoskeletal disorders (191, 208) and increased risk of fractures (18).  
Overweight and obesity are known to have several short- and long-term adverse effects on the 
health and well-being of youth (172, 209-212).  
As mentioned above, the number of overweight and obese children has been steadily 
increasing over the last decades probably due to a combination of factors. Indeed, there are 
several correlates and determinants that concur to this high prevalence of overweight and 
obesity. Boosts of energy consume, less time spent in physical activity leading to a decrease in 
energy expenditure or, most likely, a combination of both events is among the most commonly 
determinants of overweight (21). Indeed, physical activity is a key determinant of energy 
expenditure and thus fundamental to energy balance and weight control (135). Being 
overweight or obese reduces children’s opportunities to participate in physical activities, 
making overweight/obese children become even less physically active, which in turn, increases 
the likelihood to gain more weight over time (182). Studies have shown that increased physical 
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activity is associated with decreased levels of obesity in children (30, 213), making promotion 
of physical activity in childhood a priority.  
Television viewing and excessive screen time are also recognized risk factors for 
adiposity (214). A recent meta-analysis reported a linear dose-response relationship between 
the number of hours of television watching and obesity, with 13% risk increase per hour of 
television watching (215). Likewise, poor sleep, measured in both duration and quality, has 
been linked with overweight and obesity during childhood. A recent systematic review reported 
higher odds of elevated BMI among youngsters experiencing poor sleep quality, irrespective of 
sleep duration (216). In other studies, duration of sleep was found to be inversely associated 
with BMI (217) and, on average, for every one hour increase in nocturnal sleep, the odds of 
being overweight or obese decreased by 36% (218). 
Parental obesity is considered one of the strongest risk factors for childhood obesity. A 
study showed that both children with and without obesity were at greater risk of developing 
obesity as adults if, at least, one parent was obese (219). Indeed, genetics plays an important 
role in the genesis of adiposity (220). Some genes have been associated with obesity 
development, such as agouti-related protein homolog (AGRP), adiponectin (APM1), β2-
adrenergic receptor (ADRB2), β3-adrenergic receptor (ADRB3), apolipoprotein A-II (APOA2), 
apolipoprotein A-IV (APOA4), apolipoprotein B (APOB), apolipoprotein E (APOE), core-
binding factor, α subunit 2 (CBFA2T1), cytochrome P450, subfamily XIX (CYP19), estrogen 
receptor 1 (ERS1), fatty acid-binding protein 2 (FABP2), resistin (FIZZ3/ADSF), γ-
aminobutyric acid A receptor, subunit α6 (GABRA6), glucagon receptor (GCGR), 11β-
hydroxysteroid dehydrogenase, type I (HSD11B1), 5-hydroxytryptamine (serotonin) receptor 
2A (HTR2A), insulin (INS), leptin receptor (LEPR), hormone-sensitive lipase (LIPE), lamin 
A/C (LMNA), melanocortin 3 receptor (MC3R), melanocortin 4 receptor (MC4R), 
neuropeptide Y (NPY), glucocorticoid receptor (NR3C1), peroxisome proliferative activated 
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receptor γ (PPARG), peroxisome proliferative activated receptor γ, coactivator 1 (PPARGC1), 
tumor necrosis factor (TNF), tumor necrosis factor receptor superfamily, member 1B 
(TNFRSF1B), uncoupling protein 2 (UCP2) and uncoupling protein 3 (UCP3) (221). 
Specifically, mutations in MC4R, a gene that transduces anorexigenic signals in the long-term 
regulation of energy homeostasis (222), account for 3–5% of all severe obesity cases in humans 
(223, 224). 
The pathogenesis of central obesity is complex. Identification of an effect of a 
polymorphism should be the first, simple step on a more challenging path toward elucidation 
of the biological pathways involved, and crucially, the gene–gene and gene–environment 
interactions (221). 
There are eight well known gene mutations explaining up to 10% of cases with early-
onset extreme obesity, affecting leptin (LEP), leptin receptor (LEPR), pro-opiomelanocortin 
(POMC), proconvertase 1 (PCSK1), melanocortin-4 receptor (MC4R), brain-derived 
neurotrophic factor (BDNF), neurotrophic tyrosine kinase receptor type 2 (NTRK2) and single-
minded homolog 1 (SIM1) (225). All these genes code for proteins with a central role in the 
leptin–melanocortin signalling pathway present in the hypothalamus, and therefore, affect 
regulation of food intake and energy expenditure (225). 
Finally, a strong contributor to childhood obesity are disparities in socio economic status 
(SES), with children belonging to a low SES being almost twice as likely to experience obesity 
than those of high SES (226, 227). 
Obesity is preventable and it poses a major public health problem. The high prevalence 
of obesity worldwide is particularly worrying in view of the serious health consequences 
associated with childhood overweight and obesity. Given that the prevalence of childhood 
obesity is on the rise, this accentuates the need to support measures to prevent and reduce future 
sequelae of overweight/obesity related diseases. Without intervention, obese infants and young 
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children are likely to continue to be obese during childhood, adolescence and adulthood as it is 
well known that, once established, obesity tracks throughout the lifespan (7, 182, 197, 209, 219, 
228-237). Data from systematic reviews and meta-analyses showed that about 55% of children 
with obesity maintain their obesity status during adolescence and about 80% of adolescents 
with obesity will have obesity in adulthood (230, 234).  
In addition to negative health outcomes and a reduced quality of life, obesity poses a 
substantial economic burden on global health-care systems (238). Individuals with obesity have 
medical costs about 30% higher than people with normal weight (239). In view of the 
prevalence, health consequences and cost associated with childhood obesity, there has been 
substantial interest in identifying effective interventions to prevent and/or manage weight gain 
in children and adolescents. 
One of the primary strategies to address adult obesity is through early prevention targeting 
children and adolescents. A review of lifestyle interventions to treat overweight/obesity of 
children in the United Kingdom (UK) estimated that these early life interventions could be cost-
saving (240). School-based interventions with combined diet and physical activity components 
and a home element had greatest effectiveness (241). This data suggests that this type of 
interventions hold promising results for childhood obesity prevention worldwide. 
There are limited therapeutic options available for reversing obesity and its comorbidities, 
which make prevention the most effective strategy for its control (214). The main drive of 
obesity prevention strategies is changing the child’s obesogenic environment, focusing on the 
3 critical periods: preconception and antenatal, early childhood and school age/adolescence 
(214). The “Environmental Research Framework for Weight Gain Prevention” presents a dual-
process view on the environment-behaviour relationship, applying an energy balance-approach, 
stimulating the integrated study of determinants of diet and physical activity (242). In this 
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framework, behaviour is suggested to be the result of a coinciding effect of both conscious and 
unconscious processes, which is turn is mediated by the individual’s cognition (242). 
If we narrow down to early childhood and school aged children, the main target of 
prevention of childhood obesity should be identifying children at-risk for developing obesity. 
There is a pressing need to develop tools that help identify children who are at greatest risk for 
excess weight gain before they develop obesity and implement interventions as early as 
possible.  
The frameworks of interventions to prevent childhood obesity are home-based 
interventions, school-based interventions and community-based and political interventions 
(214). A combination of the three seems to be the most effective approach to fight the obesity 
epidemic (241). However, the task of preventing excessive weight gain in young children falls 
largely and primarily on parents, who are responsible for what and how much children eat and 
how much physical activity they engage in. It would seem reasonable that parents who think 
their children are overweight would make an effort to intervene, but one study of parents of 5-
year-olds found that parents underestimated their overweight child 85% of the time (243). 
The report of the Commission on Ending Childhood Obesity was released by WHO in 
2016 (191). The key recommendations from this Commission were: implement programs to 
promote intake of healthy foods and discourage unhealthy foods; implement programs to 
promote physical activity and discourage sedentary lifestyle; provide support for preconception 
and antenatal care to prevent non-communicable disease; provide guidance for healthy eating, 
exercising and sleep habits during early childhood; promote healthy school environments and 
provide family-based and lifestyle weight management services (191). This creates a powerful 
argument for why we should intervene early in life as possible, as these recommendations are 
all related to behaviours known to track throughout the life natural course and due to the fact 
that interventions to reduce risk and restore health in adults are likely to be less effective and 
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more costly, than earlier preventive interventions during developmental phases (191). In 
addressing childhood obesity, it is likely that improvements in both children and adult’s 
population health in general would be seen, as well as, benefits for cognitive development and 
a reduction in other comorbidities, along with an enhancement on the nutritional status for the 
general population but, more important, there would certainly be major effects on long-term 
burden of non-communicable diseases. 
Despite considerable efforts to reverse the trend in childhood obesity, prevention and 
treatment approaches have shown limited long-term success (244). Systematic reviews of 
school-based prevention, for example, suggest that interventions targeting both healthy eating 
and physical activity are only moderately successful in reducing children’s BMI (245, 246). 
Further, many lifestyle interventions to treat paediatric obesity have proven efficacious in the 
short term but show mixed efficacy at follow-up time points (247).  
Given the strong association between obesity and cardiovascular-related mortality, and 
the high prevalence of obesity, as well as the burden of CVDs worldwide, the study of the 
association between obesity and CVDs is of great relevance from a public health perspective. 
Additionally, as the increase in childhood obesity occurred mainly from 1980s onwards, the 
first generation with high prevalence of obesity since early ages have not reached the life 
decades of higher incidence of cardiovascular events (the fifth decade of life onwards) yet 
(248). 
 
1.2.5. Physical Activity 
Physical activity is a complex behaviour defined as any bodily movement produced by 
skeletal muscles that requires energy expenditure above resting metabolic rate (57, 249).  
Physical activity has significant health benefits and contributes to prevent non-communicable 
diseases and cardiovascular risk factors (57). 
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On the other hand, insufficient physical activity is the fourth leading risk factor for global 
mortality (135, 250). Insufficiently active adults have a 20% to 30% increased risk of death 
when compared to those sufficiently active (57). In adults, physical activity is known to reduce 
the risk of coronary heart disease and stroke, diabetes, hypertension, various types of cancer 
including colon cancer and breast cancer, as well as depression. Physical activity also improves 
muscular and cardio-respiratory fitness and bone and functional health. Furthermore, physical 
activity is also fundamental to energy balance and weight control (251).  
The lack of physical activity is partly due to inaction during leisure time and increased 
sedentary behaviour while at work/school and at home. Likewise, an increase in the use of 
"passive" modes of transportation also contributes to insufficient physical activity levels (57). 
The physical activity WHO recommendations for adults aged 18–64 years old are to 
engage in at least 150 minutes of moderately intense physical activity each week, or at least 75 
minutes of vigorous physical activity (VPA) throughout the week, or even an equivalent 
combination of moderate and vigorous activity. Conversely, muscle-strengthening activities 
should involve major muscle groups in 2 or more days a week (135). For additional health 
benefits, adults can increase moderate-intensity physical activity to 300 minutes per week. In 
order to be beneficial for cardio-respiratory health, all activity should be performed in bouts of 
at least 10 minutes duration (251).  
Worldwide, around 27.5% of adults aged 18 and over do not accomplish the 
recommended levels of physical activity (23.4% for men and 31.7% for women) (252). It is 
also known that inactivity increases with age, is higher in women than in men and is also higher 
in high-income countries, when compared to low-income ones (252, 253). 
For children and adolescents aged 5–17, WHO recommends engaging in at least 60 
minutes of MVPA daily, including activities that strengthen muscle and bone, at least, 3 times 
per week. More than 60 minutes of physical activity a day brings additional health benefits 
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(251). Internationally, levels of MVPA among adolescents are typically much lower than 
recommended; for example, as few as 20% of 13-15-year-olds globally appear to meet the 
WHO MVPA recommendations (253). Levels of adherence to the recommendations in relation 
to VPA and activities to promote muscle and bone health are less well-known due to the lack 
of surveillance of these behaviours (254, 255). 
Currently there are no physical activity recommendation from the WHO for children 
under the age of five. This hiatus was recently offset by the launch of the Canadian (256) and 
Australian (257) 24-Hour Movement Guidelines for the early years (birth to 5 years). Regarding 
physical activity, these 24-hour movement guidelines for the early years recommend for infants 
that physical activity should be interactive floor-based play in safe environments and 
encouraged from birth, to help on the infants’ health development; whereas for toddlers and 
pre-schoolers it is expected for them to engage in physical activity every day, for at least three 
hours, spread throughout the day, with pre-schoolers being advised to engage in, at least, 60 
minutes of energetic play. Although these new guidelines are based in global evidence, they are 
also country-specific and in the case of the Australian guidelines adapted for a particular 
cultural background. 
These physical activity guidelines for young children place an emphasis upon the 
promotion of total physical activity. However, little is known about the levels and patterns of 
physical activity, in young children, particularly for those under the age of three. A review on 
preschool children’s physical activity levels from several countries showed that 1.7% to 41.2% 
of pre-schoolers day is reported as being spent in MVPA, as measured by accelerometry. This 
corresponded to between 13 minutes to 5.4 hours, approximately, spent in MVPA per day (258). 
Recently, within the Canadian and Australian guidelines project it was also shown that 96.5% 
of Australian toddlers (259) and 61.8% of Canadian pre-schoolers (260) accomplished the 
physical activity guidelines of 180 min/day of physical activity of any intensity. 
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In children and adolescents, total levels of physical activity are known to be beneficially 
associated with weight status, musculoskeletal health, fitness, several components of 
cardiovascular health, mental health and well-being (self-concept, anxiety and depression) (28, 
261). There is also strong evidence that 60 minutes per day of MVPA are associated with: lower 
systolic and diastolic BP; decreased measures of body fat, BMI and insulin resistance; improved 
fitness levels, musculoskeletal health, mental health and academic achievement; lower LDL 
cholesterol levels and triglyceride levels; and higher HDL cholesterol levels among school-
aged children and youth (7, 24, 27, 28, 262-264). 
During the first years of life, engaging in regular physical activities is important for 
physical, mental and social aspects of growth and development (24, 27, 265-267). Data in young 
children aged 0 to 4 years old is less consistent and scarce when compared with older children 
and adolescents. Some data indicate that, for infants (1 month to 1 year), physical activity is 
beneficially associated with adiposity, motor skills and cognitive development; toddlers (1.1 
years to 3 years), with bone and skeletal health and in pre-schoolers (3.1 years to 4.9 years) 
with adiposity, motor skill development, psychosocial health, cardio metabolic health indicators 
(28, 267, 268) and cognitive development (267, 269). This is important once physical activity 
tracks from childhood to adolescence (26, 270) and from adolescence to adulthood (270-272) 
and that young children´s physical activity levels tend to decrease with age, with a 50% 
reduction between the ages of 3 and 4 years and significantly reduced again by the age of five, 
when compared with 3 to 4 years old, in both boys and girls (273). Therefore, by establishing 
healthy active lifestyles during the early years, children may be more likely to continue with 
these behaviours throughout life (274). 
Physical activity is a multidimensional behaviour with correlates and determinants 
present across different levels of the ecologic model (e.g., individual, social, and physical 
environments). It includes (i) child characteristics, (ii) interpersonal dynamics between pre-
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 49 
schoolers and their families, childcare and health care providers, (iii) childcare setting and (iv)  
neighbourhood environment, which were identified in a literature review (275) and were found 
to be associated with physical activity levels in pre-schoolers (275). Identifying physical 
activity correlates and determinants allow researchers to intervene at various stages, attempting 
to increase young children’s levels of physical activity (276-280).  
WHO has developed a recent global action plan to help countries scale up policy actions 
to promote physical activity (251). The “Global Action Plan on Physical Activity 2018-2030: 
more active people for a healthier world” sets out four objectives and recommends twenty 
policy actions that are applicable to all countries and address the cultural, environmental and 
individual determinants of inactivity. It also calls for a 10% reduction in physical inactivity by 
2025 (251). 
Given the young ages of pre-schoolers, as well as their dependence on the adults in their 
lives, both childcare staff and parents are in a key position to encourage and promote physical 
activity among this age group. Research has shown that parents provide a target for 
interventions to increase youth physical activity through encouragement to promote its 
importance to their child (281, 282). On the other hand, childcare settings may serve as ideal 
avenues for increasing physical activity (275) and enhancing the overall health of this 
population, as the majority of children spend the larger proportion of their waking hours at 
preschool environments (283). This means that childcare centres could potentially be a primary 
setting for supporting, promoting and encouraging physical activity. In fact, evidence has 
shown that the childcare centre accounts for approximately 50% of the variation in pre-
schoolers’ physical activity (284, 285). 
An important individual-level characteristic is gender. According to sociological gender 
theory, girls and boys are socialized to behave differently, beginning at early ages (286). In fact, 
boys were found to participate in higher levels of physical activity than girls (287). 
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Therefore, intervening as early as possible in life is crucial given that physical activity 
plays a pivotal role in children’s overall health and is associated with many positive health 
outcomes. 
As young children’s physical activity is sporadic and intermittent (288, 289), the use of 
both subjective and objective measures of physical activity may be necessary to capture 
different physical activity behaviours and patterns. Subjective measures typically require 
parents to recall children’s physical activity (i.e., active play, structured physical 
activity/exercise classes and walking), which are susceptible to recall errors and bias (290, 291); 
whereas objective measures directly capture parameters of physical activity, such as movement, 
acceleration and heart rate (288). Objective monitoring avoids the biases associated with 
subjective measures and is more sensitive to sporadic patterns of physical activity (290, 292). 
 
1.2.6. Sedentary Behaviour  
Sedentary behaviour is defined as any waking activity characterized by an energy 
expenditure of equal or less than 1.5 metabolic equivalents (METs), while in a sitting, reclining 
or lying posture (293, 294). Sedentary behaviours are considered distinct and independent from 
physical activity behaviours of various intensities (i.e., light- moderate- and vigorous-intensity) 
(295). This means that an individual can be physically active (i.e., meet the physical activity 
guidelines) but still spend prolonged periods of his day in sedentary behaviours (296). Thus, 
for scientific and surveillance purposes it has been suggested that sedentary behaviour should 
be explicitly measured rather than defined as simple lack of physical activity (297), since 
sedentariness and physical activity are two distinct behaviours (298) with differential health 
effects (299, 300). 
Sedentary behaviours, such as screen time (time spent watching television or on the 
computer, smartphones, tablets or playing videogames), have been frequently studied in 
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children and adolescents as a proxy for sedentary behaviour itself (301, 302), as they are 
recurrent in this age, being the most prevalent leisure-time sedentary behaviour (303) and 
markedly contribute to the total amount of time spent in sedentary behaviour (304). But time 
spent in screen-based entertainment activities may not necessarily be indicative of young 
people’s overall or total sedentary time (303), as sedentary behaviours occur in many other 
contexts and settings, such as sitting during class time at school/childcare centres or during 
motorized transport, for example (295, 305).  
Despite the perception that children are “naturally” active (306), it has been shown that 
young children can spend a substantial amount of their waking hours in sedentary activities 
(259, 260, 307). Global evidence has revealed concerning levels of sedentary behaviour in 
youth. Population data from North America (308, 309), the UK (310), Australia (259, 311) and 
Europe (312) indicate that children and adolescents spend a substantial proportion of their day 
sedentary. Also, results from the International Study of Childhood Obesity, Lifestyle and the 
Environment indicated that children around the world averaged 8.6 hours of daily sedentary 
time (313), which is corroborated by data from two large national datasets in Canada and the 
USA indicating that time spent sedentary accounts for a large proportion of youth waking hours 
(between 50% and 60%) (309, 314). The high rates of sedentary time among the preschool 
population are also problematic (315), specially while at preschool (316, 317), where it has 
been noted that pre-schoolers partake in upwards of 42min/h of sedentary time within the 
preschool setting (315). A recent systematic review of objectively measured sedentary time has 
also shown that, about 55% of young children’s waking day is spend being sedentary, with boys 
spending less time in sedentary behaviour than girls (318). Also, no differences were found for 
sedentary levels between weekdays and weekend days nor between childcare hours and non-
childcare hours. However, while at childcare, children spent more time in sedentary behaviour 
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when indoors than outdoors. Important to note is that prevalence of total sedentary behaviour 
seemed to be higher in North America than in Europe or in Oceania. 
Concerning infants and toddlers, data showed that this specific population also spends a 
considerable amount of time being sedentary. Studies have shown a prevalence of over 50% 
(319), 73%-84% (320, 321) and 34%-94% (322) of their waking hours engaged in sedentary 
behaviours. Despite the probable differences between geographic location and samples, such 
great variability in prevalence may be due to the use of different methodologies (direct 
observation and accelerometry) to capture sedentary behaviours, different study designs and 
different methodological decisions regarding accelerometry procedures (cut-off points and 
minimum wear time, for example).  
Regarding screen time, it is also known that almost 40% of the 3 months old children 
watch television regularly and, at the age of 2 years old, this number increases to 90% (323). 
This is concerning given that many of the lifestyle habits begin to be established at these ages 
and it is known that sedentary behaviour tracks throughout life (26, 270, 272, 324, 325), 
predisposing inactive children to become also sedentary adults (326-329). 
Excessive sedentary time is health detrimental. In adults, there is considerable evidence 
showing that excessive amounts of time sedentary are adversely associated with health 
outcomes, such as adiposity, BP, glucose metabolism, metabolic syndrome, cancer mortality, 
musculoskeletal disorders, as well as, brain health, memory, executive function and global 
cognition (330-339). 
In children and adolescents, the relationship between total sedentary time and health 
outcomes is less consistent (29, 32) than in adults. Some studies suggest that, independently of 
the amount of MVPA undertaken, prolonged sedentary behaviour may be negatively associated 
with clustered cardiometabolic risk scores, adiposity, insulin resistance, fitness, sleep, self-
esteem, academic performance and cognitive development (38-41, 340, 341).  
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A recent systematic review on the associations between sedentary behaviour and health 
indicators in the early years showed that total sedentary time may have a negligible impact on 
health in this age group. Nevertheless, this review also suggested that the way sedentary time 
is spent may be important, with screen-based and seated sedentary behaviours being more likely 
to have negative health effects, while interactive non-screen based sedentary activities, such as 
reading and storytelling, were more likely to have positive health and developmental effects. 
The authors also stated that it remains difficult to make recommendations concerning 
“appropriate” amounts or patterning (i.e., breaks) of total sedentary time (342). However, the 
mechanisms through which screen-based behaviours (343) and other sitting behaviours (336, 
344) may influence health and development among children and adolescents may differ. For 
example, television viewing is associated with increased energy intake, unhealthy snacking and 
sugary-beverage consumption during and following exposure (343) and also, time spent in 
sedentary behaviours is known to replace time spent in physical activity (345), which may not 
be consistent for other sedentary behaviours. Thus, additional high-quality research using 
objective measures is needed to better understand the associations between durations, patterns 
and types of sedentary behaviour and different health indicators (342). Indeed, the objective 
measure of total sedentary behaviour using accelerometry is an advantage because this method 
doesn't rely on subjects' memories and it registers their daily levels and patterns of sedentary 
behaviour in a very accurate way (346, 347), particularly when combined with contextual 
information. 
Given the recent evidence on the health impact of sedentary behaviour and the fact that 
this behaviour seems to track throughout life (26, 270, 272, 325), some countries have 
introduced guidelines for children under 5 years old and have identified the importance of 
understanding the potential benefits of reducing sedentary time (256, 257). Recently released 
Canadian and Australian 24-hour movement guidelines for the early years state that for 
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sedentary behaviour, toddlers and pre-schoolers should not be restrained for more than 1 hour 
at a time (i.e., in a stroller, car seat or high chair) or sit for extended periods. For those younger 
than two years, sedentary screen time is not recommended. For those older than two, sedentary 
screen time should be no more than one hour per day; less is better. When sedentary, engaging 
in pursuits such as reading, singing, puzzles and storytelling with a caregiver is encouraged 
(256, 257).  
Although the above-mentioned guidelines were launched as an effort to minimize 
sedentary behaviour, as well as, for disease prevention and health promotion in the early years, 
they do not specify the proportion of total sedentary behaviour young children should 
accumulate throughout the day, given the lack of evidence in this respect. 
Developments in technology and the social and built environments have increased human 
predisposition for sitting (348) and, in adults research has shown that sitting time may be a risk 
factor for cardiovascular health, independently of physical activity levels (299, 349). 
Sitting time is defined as a type of sedentary behaviour characterized by a position in 
which one’s weight is supported by one’s buttocks rather than one’s feet and back is upright. It 
can be divided in two different types: active sitting (any waking activity in a sitting posture 
characterized by an energy expenditure above 1.5 METs) and passive sitting (any waking 
activity in a sitting posture characterized by an energy expenditure equal to or less than 1.5 
METs) (350).  
To understand what a sedentary behaviour interruption is (often called as breaks), one 
needs to comprehend that a sedentary bout is defined as a period of uninterrupted sedentary 
time. Therefore, a break in sedentary time is defined as a non-sedentary bout in between two 
sedentary bouts. Recently, the terms “breakers” and “prolongers” have also been suggested to 
distinguish between those who accumulate sitting time with frequent interruptions from those 
who accumulate sitting time in prolonged and continuous periods, respectively (350). Frequent 
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breaks were shown to have a positive effect on health in adults (36, 37, 351, 352), to 
significantly reduce the acute metabolic impact of prolonged sitting in overweight adults (36); 
whereas long periods of sitting time have been associated with increased risk of developing 
CVD (36, 353, 354). Also, interrupting sustained periods of sitting with regular bouts of 
walking at a light intensity seems to improve cardiovascular health (36, 37, 355-360) and may 
have significant independent effects on all-cause mortality (34, 337, 361, 362).  
In children and adolescents, research on the health benefits of breaking up sitting time 
has only recently emerged and produced, so far, inconsistent results (41-43, 363-365). Some 
studies in this age group have shown that breaking up sitting time lead to significant 
improvements for cardiovascular health (364), cardio metabolic outcomes (38, 41, 366, 367), 
lower WC (368) and lower BMI (369), but others have shown no significant associations 
cardiovascular health (42, 43, 370-372); therefore, at this point no conclusion can be draw 
(373). Moreover, it is uncertain whether these beneficial effects are due to interrupting sitting 
per se or due to the increase in muscle contraction resulting from walking or LPA, a difference 
which is important for any future school or workplace health promotion (357). Nonetheless, 
these findings suggest that breaking sedentary behaviour may be a promising prevention 
strategy for reducing cardio metabolic risk in children and adolescents.  
In young children evidence on the associations between breaking sitting time and health 
outcome is limited (302). The small amount of evidence indicate that there is no association 
between breaks in sitting time and indicators of adiposity (374, 375) and motor development 
(374), but there were favourable associations between breaks in sitting time and WC (376), in 
apparently health young children.  
In this context, public health agencies are giving more attention to the increasing evidence 
that supports sedentary behaviour as a distinct health concern, which is an important step to 
prevent high and unhealthy levels of total sedentary behaviour and increase overall population’s 
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health status. It seems like the next step should be to instil in the general population that, in 
addition to getting people to meet physical activity recommendations, they also need to restrain 
time spent in sedentary behaviours.  
In this sense, regarding young children, engaging childcare organisations seems 
important, as these settings can easily translate this knowledge to the general population. Data 
from the Organisation for Economic Co-operation and Development (OECD) showed that 80% 
of 3 to 4 years old and around 30% of 1 to 2 years old spend a considerable amount of time at 
childcare, each week (377). Adding to this evidence, a recent systematic review indicated that 
the childcare setting has a solid potential to shape health-related behaviours in youth (378). 
 
It is well established that healthy child development up to the age of 5 years, provides 
the basis for a prosperous and sustainable society (379), which means that providing ideal 
conditions for early childhood development is more effective and less costly than attempting to 
address the consequences of early adversity later in life (380). Considering the literature 
presented in this chapter, individual detection and intervention on cardiovascular risk factors 
and behaviours during childhood and adolescence is needed, as it provides a sound strategy to 
reduce CVD in adulthood (11). Furthermore, there is evidence that physical activity (26, 272), 
sedentary behaviour (26, 270), childhood BP (3, 14) and childhood obesity (7, 234) track from 
early childhood to middle childhood, adolescence and into adulthood, meaning that tackling 
these health parameters is paramount to address the current CVD epidemic. Also, since early 
childhood is also known to be a critical period to establish long-term physical activity and 
sedentary behaviours (325), it seems plausible to intervene in children as young as toddlers, 
during the genesis of sedentary behaviour and its associated health outcomes.  
In children under the age of three, research on the association between adiposity, BP, 
retinal microvasculature and physical activity or sedentary behaviour is scarce and remains 
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poorly understood.  Few studies have explored the associations between objectively measured 
sedentary time/sitting time, breaks in sitting time, physical activity and cardiovascular risk 
factors in young children (0 to 5 years old) and, therefore, more research is needed. More 
specifically little is known about the associations between elevated BP, adiposity and reduced 
sitting time in children aged 0 to 3 years old. Indeed, most of the studies found in toddlers did 
not assess physical activity and did not account for this important confounding variable (129, 
158, 381, 382), since adequate physical activity is well recognized as a key determinant in 
preventing unhealthy weight gain and high BP in young children (27). Thus, this study makes 
an important contribution by adding physical activity to the confounding variables, as well as 
assessing it objectively. Moreover, most studies are cross-sectional in design and thus, 
longitudinal analyses would provide a better understanding, not only on the natural course of 
these risk factors/behaviours but also on their associations and interactions over time. 
These gaps in the available evidence lead to a need for additional understanding on the 
associations between sitting time and cardiovascular health outcomes in toddlers, accounting 
for physical activity levels. In this context, the main aim of this doctoral thesis was to examine 
the associations of objectively measured sitting time and cardiovascular health in toddlers. To 
address this aim five studies were conducted (chapters 4 to 8).  
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 










Chapter 2: Aims 
  
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 59 
The main aim of this doctoral thesis was to examine the associations of objectively 
measured sitting time and cardiovascular health in toddlers. The specific aims of the thesis 
related to each of the included papers can be seen below. 
 
Paper I - Sousa-Sá E, Pereira JR, Zhang Z, Wright IM, Okely AD & Santos R. Adiposity, 
Physical Activity and Sedentary Behaviour - Associations with Retinal Microvasculature 
in Children and Adolescents. A Systematic Review. (under review) 
Specific aim: to summarize the existing literature on the associations between physical 
activity, sedentary behaviour and/or adiposity and retinal microvasculature, in children and 
adolescents aged 0-18 years. 
 
Paper II – Sousa-Sá E, McNeill J, Pereira JR, Zhang Z, Okely AD & Santos R. 
Associations Between Breaks in Sitting Time and Cardiovascular Health in Children and 
Adolescents: A Systematic Review. (under review) 
Specific aim: to summarize the existing literature on the associations between breaks in 
sitting time and cardiovascular health, in children and adolescents. 
 
Paper III – Sousa-Sá E, Pereira JR, Zhang Z, Veldman SLC, Okely AD & Santos R. 
Association between Breaks in Sitting Time and Adiposity in Australian Toddlers: results 
from the Get-Up! Study. Scandinavian Journal of Medicine and Science in Sports. (published) 
Specific aim: to explore the association between the number of breaks in sitting time and 
adiposity levels in Australian toddlers. 
 
Paper IV – Sousa-Sá E, Zhang Z, Pereira JR, Veldman SLC, Okely AD & Santos R. The 
Get-Up! Study: Adiposity and Blood Pressure in Australian Toddlers. (under review) 
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Specific aim: to assess differences of blood pressure by weight status in Australian 
toddlers. 
 
Paper V – Sousa-Sá E, Zhang Z, Pereira JR, Veldman SLC, Okely AD & Santos R. 
Sitting Time and Blood Pressure in Australian Toddlers: longitudinal results from the 
Get-Up! Study. (under review) 
Specific aim: to assess longitudinal associations between the percentage of time spent 
sitting over a 24-h period at baseline and blood pressure one year later, in Australian toddlers. 
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3.1. Study Design and Sampling 
 
A full description of the methods, procedures and measures used in all papers included in 
this doctoral thesis are reported in detail in each of the papers. Data for this thesis was derived 
from the “Get-Up! Study” (protocol paper included in the appendix F), a 12-months 2-arm 
parallel group cluster randomized controlled trial, carried out in NSW, Australia, with support 
from the Australian Research Council and the University of Wollongong.  
The main objective of the “Get-Up! Study” was to assess the effects of reducing sitting 
time, during Early Childhood Education and Care (ECEC) on the cognitive development of 
toddlers from low socio-economic families. This study’s secondary aims were to examine the 
effects of reducing sitting time on toddler’s cardiovascular health and bone density. 
Baseline data were collected between February and August 2016, and follow-up data 
between March and July 2017. The study was approved by the University of Wollongong’s 
Human Research Ethics Committee (HE15/236) and conducted according to the Helsinki 
Declaration for Human Studies. Data were collected while children were at the childcare centre 
and by obtaining consents from the children’s parents or guardians, prior to the assessments. 
For the baseline data, 30 ECEC services were recruited and assessed; at the follow-up period 
only 27 of these ECEC were assessed as 3 ECEC services decided, in the beginning of the 
study, to withdraw their participation. 
To be included in the study, participants had to be apparently healthy toddlers aged 12- 
to 26-months at baseline, attending the ECEC service at least twice a week. Children were 
considered ineligible if they had a learning or physical disability, were born very preterm (<29 
weeks of gestation) or had a diagnosed medical or psychological condition, that could affect 
the results of this study. Throughout the study, no children were excluded from data collection 
to avoid discrimination and, therefore, all children from whom parental consent was previously 
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obtained were evaluated; however, for the purpose of statistical analyses, two children 
diagnosed with autism were excluded from the analyses. After the baseline assessments, a 
simple randomisation was performed, and half of the included ECEC services were allocated 
to the control group and the other half to the intervention group. The rationale and protocol of 
this study can be found elsewhere (383). 
Table 1 shows a summary of the variables included in each paper of this doctoral thesis. 
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Age Main variables of interest Covariates Statistical analysis 
I - Adiposity, Physical Activity and 
Sedentary Behaviour - Associations 
with Retinal Microvasculature in 






Retinal microvasculature, height, weight, 
WC, triceps and subscapular skinfolds, 
percentage of body fat, total and abdominal 
fat mass, waist-to-height-ratio, fat free mass 
index, physical activity and sedentary 
behaviour. 
N/A Meta-analysis 
II - Associations Between Breaks 
in Sitting Time and Cardiovascular 
Health in Children and 




Breaks in sitting time and cardiovascular 
health (clustered cardiometabolic risk score, 
BMI, skinfolds, WC, C-reactive protein, 
cholesterol; HDL; triglycerides; glucose; 
BP; cardiorespiratory fitness, VO2-peak). 
N/A N/A 
III - Association between Breaks in 
Sitting Time and Adiposity in 
Australian Toddlers: results from 






BMI, zWC and sitting time (breaks/hour). Age, sex and SES. 
Two-tailed student’s 
t-test; Mann-
Whitney U-test and 
logistic regression. 
IV - Adiposity and Blood Pressure 







zBP, BMI and zWC. 
SES, physical activity 
(minutes of stepping 
per hour of monitor 




Whitney U-test and 
Analysis of 
Covariance. 
V - Sitting Time and Blood 
Pressure in Australian Toddlers: 






Sitting time (percentage of sitting time over 
a 24-hour period at baseline) and zBP (at 
follow-up). 
Height, age, gender, 
group (intervention or 
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Chapter 4: Adiposity, Physical Activity and 
Sedentary Behaviour - Associations with Retinal 
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Adiposity, Physical Activity and Sedentary Behaviour - Associations with Retinal 
Microvasculature in Children and Adolescents. A Systematic Review 
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ABSTRACT 
As retinal microvasculature (RMV) can be assessed non-invasively, it presents an opportunity 
to examine the health and disease of the human microcirculation, as RMV alterations have been 
recognized as one of the earliest signs of cardiovascular risk. This review summarizes current 
literature on the associations between physical activity, sedentary behaviour and/or adiposity 
and RMV in children and adolescents aged 0-18 years. Six databases were searched (MEDLINE 
with Full Text, SCOPUS, WEB OF SCIENCE, SCIENCE DIRECT, PSYCINFO and 
CINAHL) through to February 24, 2019. Meta-analyses were performed using the Meta-
Analyst software. 6,796 studies were screened, and 26 studies were included, representing 
24,448 participants, from 12 different countries. Twenty-three studies report results on weight 
status, PA was assessed in six studies and SB was assessed in three studies. Four studies 
examined weight status and PA/SB. Meta-analysis was performed for 2 studies and showed that 
obese children have smaller retinal arterioles (-2.38µm difference, 95%CI: 0.62, 4.15µm) and 
larger retinal venules (2.74µm difference, 95%CI: -4.78, -0.72µm) than non-obese children. 
Results show that adiposity is associated with microvascular alterations in children and 
adolescents. Increased adiposity, lack of PA and high levels of SB are negatively correlated 
with vessel width parameters. 
 
Key words: microcirculation, obesity, physical activity, sedentary time, vessels, youth.  
 
Abbreviations: 
RMV: retinal microvasculature; BMI: body mass index; PA: physical activity; MVPA: moderate-to vigorous-
intensity physical activity; SB: sedentary behaviour; SD: standard deviation; CI: confidence interval; AVR: 
arteriolar-to-venular-ratio; WC: waist circumference 
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INTRODUCTION 
The microvasculature comprises the vessels smaller than an upper limit between 100 and 
300 µm (72). The retina is a unique site where the in vivo microvasculature can be directly 
visualized and observed consistently over time (71). Thus, as retinal microvasculature(RMV) 
can be assessed non-invasively, it provides an opportunity to examine the health and disease of 
the human microcirculation (99), as RMV alterations have been recognized as one of the earliest 
signs of cardiovascular risk (69). 
In adults, alterations in retinal vessel caliber are considered structural markers of 
cardiovascular disease and can predict future vascular events (71, 80). Data suggest that 
associations between microvascular structural alterations and cardiovascular risk factors may 
be present during childhood (74, 101, 104). Because microvasculature alterations have been 
associated with the onset of cardiovascular risk factors and disease events later in life, it is 
hypothesized that any quantifiable change to the RMV in children, could be seen as an early 
biomarker towards increased risk of cardiovascular disease in later life (74, 103, 104).  
In adult populations, studies have shown that RMV is associated with changes in body 
mass index(BMI) (81), cardiovascular disorders (83), metabolic syndrome (82), hypertension 
(87, 88, 384), stroke (89), coronary heart disease (385), type 2 diabetes (386), and carotid artery 
disease (88). Studies in paediatric populations have shown that differences in retinal 
microvascular diameters are associated with increased BMI (74, 99, 106, 107); arteriolar 
narrowing is associated with increased systolic and diastolic blood pressure (74, 101, 104, 105) 
and screen time viewing(97); narrower venular diameter is associated with elevated systolic 
(74) and diastolic blood pressure (104), as well as with an increased risk of childhood 
hypertension (74).  
Obesity and low levels of physical activity(PA) have been shown to be important 
cardiovascular risk factors in children and adolescents (7, 9). Children with elevated BMI have 
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an increased risk of hypertension, type 2 diabetes (387), coronary heart disease (193, 388) and 
stroke (387) later in life; obesity in childhood and adolescence is associated with increased 
arterial stiffness (389, 390) and carotid artery intima-media thickness (147, 391). Between 2 
and 5 years of age, overweight children are up to four times more likely to  remain overweight 
through to adulthood compared with normal-weight children, especially if their parents are 
obese (237).  
Low levels of PA during childhood and adolescence have been associated with numerous 
cardiometabolic risk factors (392), inflammatory biomarkers and their clustering (30, 393). 
Several studies suggest that high levels of total PA and moderate- to vigorous-intensity 
PA(MVPA) are associated with a more favourable cardiometabolic profile (394) and with 
cardiorespiratory fitness in youth (395). Moreover, observational studies in children and 
adolescents have found low levels of PA are associated with hypertension (394, 396). 
Conversely, high levels of SB during childhood and adolescence have been associated with 
clustered cardiometabolic risk (334, 341, 397-399), obesity/adiposity (400-402), hypertension 
(400, 403) and poorer fitness (341). Some studies have also indicated that sitting time might be 
a risk factor for cardiovascular health, independent of PA levels (333, 376).  
A recent review looking at associations between obesity, blood pressure and retinal 
vessels in children and adolescents showed that a higher BMI was associated with both 
narrower retinal arteriolar and wider venular diameters; and that systolic and diastolic blood 
pressure were associated with retinal arteriolar narrowing (404) but the independent 
associations between excess adiposity and RMV alterations remains unclear. Little is known 
about the relationships between body composition, or of PA and SB on microvasculature 
profiles in children and adolescents (82). Therefore, and because PA, SB and obesity appear to 
have an impact on RMV in adults (108, 405), understanding the associations between these 
variables during childhood and adolescence is important for public health prevention purposes. 
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Our review is warranted to efficiently evaluate available information and provide pooled results 
to guide future research. 
In this context, this review and meta-analysis will summarize current literature on the 




Protocol and Registration 
This review was registered with the international prospective register of systematic 
reviews PROSPERO network, registration no. CRD42016048882. The PRISMA statement for 
reporting systematic reviews and meta-analyses was followed. 
Information sources and search strategy 
Using a comprehensive search strategy, six electronic databases were searched: CINAHL, 
MEDLINE, PSYCINFO, SCIENCE DIRECT, SCOPUS and WEB OF SCIENCE, through to 
February 24, 2019. The search strings used for RMV and PA and/or SB are presented in Table 
1. Boolean operators were used in combination with appropriate truncation to extend the search 
results. Studies were imported into Reference Manager Software (EndNote X8) where duplicate 
records were removed. 
--- Insert Table 1 here --- 
Inclusion and Exclusion Criteria 
To be included, studies had to be published in English, Portuguese, French, Spanish or 
Dutch. The study participants were apparently healthy but included overweight and/or obese 
children and youth (from birth to 18 years old). No study design limits were included, as no 
year restrictions were made on the searches due to the recent nature of objective retinal 
microvascular parameter assessment. For longitudinal studies, the age criteria applied to at least 
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one exposure measurement. Articles had to be peer-reviewed, published or in press, and meet 
the a priori determined population, intervention, comparator, and outcome (PICO) study 
criteria (406). Methods papers, conference abstracts or proceedings, editorials, commentaries 
and reviews were not considered. Reference lists of included articles and relevant reviews were 
also checked for additional relevant studies. For intervention studies, exposures were 
considered duration, patterns, and types of SB and/or PA, as well as adiposity measures. 
Following the Sedentary Behaviour Research Network definition (294), SB was defined as any 
waking behaviour characterized by an energy expenditure ≤1.5 METs while in a sitting or 
reclining posture; PA was defined as any bodily movement produced by skeletal muscles that 
results in energy expenditure e(249). SB and PA could be measured either objectively (e.g., 
pedometer, accelerometer, inclinometer, direct observation) or subjectively (e.g., self-report, 
proxy-report). Therefore, studies were required to have a measure of SB per se, rather than just 
a measure of the absence of PA (e.g., failing to meet the PA guidelines). For adiposity, any 
measure of weight status or body composition was considered. A comparator or control group 
was not required. For the outcomes, changes or measures in children’s RMV had to be reported. 
The studies needed to contain a measure of RMV as a dependent variable and had to assess the 
associations between PA and/or SB and/or adiposity and RMV.  
Data extraction and synthesis 
After removing duplicates, three independent reviewers (ES, ZZ and JP) screened titles 
and abstracts of the remaining records, according to the above-mentioned criteria, and full text 
articles were obtained. The same reviewers then screened full text articles. Inclusion 
inconsistencies were set by discussions and consultations between reviewers and two other 
authors (RS and ADO), until consensus was reached. Descriptive study characteristics (author, 
publication year, country, study design, sample size) and exposure, outcome, validity/feasibility 
of tools used to assessments, and results information were extracted for each study. Moreover, 
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despite how statistical significance was defined in the individual studies, a finding was 
considered to be statistically significant if p<0.05 was reported. 
Data were extracted through a coding framework to record information on a variety of 
details. The main categories of variables coded included source characteristics (author, date of 
publication, name of the study and country); study design (cross-sectional or longitudinal study 
with follow-up period duration); sample characteristics (size and age – mean ± SD); assessment 
of the outcome (RMV); exposures (adiposity, PA and/or SB), type of statistical analysis and 
main results (Table 2).  
Quality assessment  
Three authors (ES, ZZ and JP) independently assessed the risk of bias(ROB) using 
GRADE framework (Grading of Recommendations Assessment, Development, and 
Evaluation) (407). GRADE does not have an official tool to assess ROB in observational studies 
but recommends the types of features to examine (408).  
General quality of evidence was assessed for each included study design based on five 
characteristics: (i)selection bias, (ii)attrition bias, (iii)detection bias, (iv)performance bias and 
(v)selective reporting bias. To align with the GRADE framework, quality of evidence scores 
start at “high” for randomized controlled trials and “low” for all other experimental and 
observational studies. Additional information on GRADE methodology can be found elsewhere 
(407) and details for each of the criteria used to assess ROB can be seen in table 3.  
Data analysis 
To perform a meta-analysis, all the studies included in this review were revised by two 
authors (ES and RS) to verify if they were suitable for this type of analysis. For the effect size, 
we checked whether studies to be included had the same outcome measure, to calculate an effect 
size in the original units. Also, because the included studies measured a continuous outcome, 
the mean difference could be used as the effect size. As the mean age of the samples were 
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similar (7.8±0.83 and 6.7±0.4 years), it was felt that this would not influence the magnitude and 
direction of the effect size. Therefore, to avoid clinical heterogeneity, we combined studies that 
had similar RMV measures and that were assessed with a low risk of bias. Furthermore, both 
studies used valid and reliable tools to assess both the outcome (RMV), and the exposure 
(weight status). The statistical analysis of the included studies (99, 107) was similar with 
adjustments made for age, gender and race or ethnicity. Likewise, the operational definitions 
for the dependent and independent variables were similar (1st and 4th quartiles of BMI), as was 
the unit of measuring the RMV (mean µm and 95%CI). Main findings from both studies were 
also similar. We weighted the standard error based on sample size to provide more accurate 
effect size estimates. We took a conservative approach to minimize any possible heterogeneity. 
RMV was analysed according to standard procedures as continuous using a fixed-effect 
model (409). With a fixed-effects model an assumption is made that among a fixed set of studies 
there is a common treatment effect (410, 411) and that between-study differences in results 
occur by chance (412, 413). Because of this assumption, larger studies are given greater weight 
than the smaller studies. A weighted mean was calculated to minimize both sources of variance. 
The computed summary effect is the estimate of the mean of the distribution of all 
relevant true effects, and the null hypothesis is that the mean of these effects is zero. To establish 
the statistical significance of our results, p-value was set at p<0.05 and 95% confidence intervals 
were used. Data were analysed using Open Meta-Analyst (version beta 3.13) (414).  
Continuous data 
Given that our outcome (RMV) was reported on an expressive scale and both studies 
included in the meta-analysis used the same scale (mean µm), the effect size was computed 
directly on the raw (unstandardized) difference in means. We compared studies reporting mean 
final values with 95%CI, across first and fourth quartiles of BMI, for both retinal arterioles and 
retinal venules. Levels of adjustment for both studies were made for age, gender and ethnicity. 
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Due to variable reporting from the data summaries presented in each study, standard deviation 
was calculated from the standard error by multiplying standard error by the square root of the 
sample size; confidence intervals for means were also used to estimate standard deviations 
using: SD = √N x (upper limit – lower limit) / 95%CI* 
*calculated using a value from a t distribution (with degrees of freedom equal to the group 
sample size minus 1) (415).  
The meta-analysis focused on the changes over retinal vessels (arterioles and venules). It 
provided a statistical effect size of changes in RMV due to different levels of PA/SB or different 
levels of adiposity, across the included studies. 
Assessment of heterogeneity  
To define informative heterogeneity indices, measures of magnitude and uncertainty were 
obtained. Magnitude was presented by the degree of inconsistency (I2, the ratio of true 
heterogeneity to total observed variation) (415, 416). Uncertainty over whether apparent 
heterogeneity is genuine was expressed using the p-value (≤0.10 was considered significant 
since the Cochran’s Q test tends to suffer from low differential power) for Q statistic (a measure 
of weighted square deviations) and using confidence intervals for I2 (I2>50% was suggestive of 
substantial between-study heterogeneity). 
The Q test has the benefit of being expressed on a standard scale and is sensitive to the 
number of studies. The I2 statistic is not directly affected by the number of studies in the analysis 
and expresses results as a ratio (proportion of the observed variance reflects real differences in 
effect size presented beyond chance). Usually, values of 25%, 50% and 75% are considered to 
be revealing of small, moderate and large totals of inconsistency, respectively (415, 416). 
 
RESULTS 
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A total of 6796 studies, published between 1936 and 2019, were identified through 
database searches (Figure 1). One extra study was identified through reference list searches by 
the authors. After removing the duplicates, a total of 4980 studies remained. After titles and 
abstracts were screened, 78 full-text articles were included for full-text review and, of these, 26 
studies met the inclusion criteria. 
--- Insert figure 1 here --- 
Studies characteristics and main results are presented in Table 1. Included studies were 
published between 2007 and 2018. Most studies were conducted in Australia (12, 97, 98, 107, 
417), Singapore (99, 418-420), Netherlands (421-423), Germany (104, 424, 425) and 
Switzerland (426-428). Sample size ranged between 24 and 4145 children and adolescents. 
Twenty studies had cross-sectional design (78%), four studies were longitudinal (15%) and 
only two studies were randomized controlled trials (7%). Ages ranged from 30 weeks 
(gestational age) to 18 years. Twenty-three studies reported measures of weight status (88%) as 
exposure (12, 98, 99, 104, 106, 107, 417-425, 428-435), while measures of PA were present in 
six studies (23%) (97, 424-427, 433) and SB was assessed in three studies (12%) (97, 104, 433); 
four studies (15%) reported measures of weight status and PA/SB (104, 424, 425, 433).  
Adiposity assessments included birth weight (five studies), BMI (sixteen studies), waist 
circumference (four studies), weight (three studies), skinfold thickness (two studies), 
percentage of body fat, total fat mass, fat mass index, abdominal fat mass and trunk fat 
percentage (one study each).  
RMV was predominantly assessed using digital retinal photographs (65%), and also static 
retinal vessel analyser (19%), indirect ophthalmoscopy, enhanced-depth imaging spectral 
domain OCT device, non-mydriatic vessel analyser and a spectralis OCT device (4% each). PA 
and SB were largely assessed using subjective measures (questionnaires or self-report – 71%), 
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while objectively measured PA/SB were only present in two studies (accelerometer and heart 
rate monitor 29%).  
--- Insert Table 2 here --- 
Risk of bias results are presented in Table 3. Of the 26 studies included in this review, 
54% had clear eligibility criteria, but in only 19% of the studies was the sample randomly 
selected; 15 studies were assessed with a low ROB (58%), and 11 studies were assessed with 
high ROB (42%). Nearly all studies (96%) used a reliable and/or valid tool to assess RMV.   
--- Insert Table 3 here --- 
 
Cross-sectional associations between physical activity, sedentary behavior and 
adiposity and RMV 
We found 20 cross-sectional studies. The exposures varied between birth weight (417, 
419, 430, 433), BMI (12, 98, 99, 104, 106, 107, 418, 419, 421, 422, 425, 429, 432), waist 
circumference (12, 98, 104, 107), other measures of adiposity (104, 106, 418, 421, 428, 431), 
SB(97, 104, 433) and PA (97, 425, 427, 433).  
One study stated that children born with low birth weight were 4% more likely to have 
abnormal vascularization than normal birth weight children (430). Also, Kandasamy et al. 
(417), found that low birth weight was related to both larger arterioles and larger venules. 
The most consistent finding from the cross-sectional studies was that increased BMI was 
associated with wider venules (12, 98, 99, 104, 106, 107, 418, 419, 425, 429, 431), narrower 
arterioles (12, 98, 104, 106, 107, 419, 421, 422, 428, 429, 431) and lower arteriolar-to-venular-
ratio(AVR) (104, 425, 428, 431). Although these data on the relationship between increased 
BMI and widening venules and narrowing arterioles appeared consistent for most of the studies, 
one study reported significant associations between these variables for adolescents (aged 12 to 
19 years) but not for children aged 7 to 11 years (106). One study reported no associations 
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between measures of body composition and retinal venules (421). Associations between waist 
circumference and retinal parameters showed the same results as for BMI (narrower arterioles 
(12, 98, 107), wider venules (12, 98) and lower AVR (104)); however, they were not as 
frequent. Results regarding other measures of adiposity were consistent with those for BMI and 
waist circumference.  
Five studies explored the associations between PA, SB or both and retinal parameters. 
Higher levels of SB were associated with narrower arterioles (97), wider venules (433) and 
lower AVR (104); whereas higher levels of participation in PA was associated with larger 
arterioles (97), narrower venules (427, 433) and a higher AVR (427). One study found no 
associations between PA and retinal vessels (425). In children aged six years, a significant 
reduction in retinal arterioles was observed with each extra hour per day spent watching 
television (97). Likewise, higher levels of indoor PA were found to be negatively associated 
with retinal venular diameter (427), while positive associations were observed between high 
levels of outdoor PA and retinal arteriolar diameter (97). 
A meta-analysis was performed for two studies (99, 107) (Tables 4 and 5). The summary 
effect showed that obese children have smaller retinal arterioles (-2.38 µm difference, 95% CI 
0.62 to 4.15 µm) and larger retinal venules (2.74 µm difference, 95%CI -4.78 to -0.72 µm) than 
non-obese children.  
--- Insert Tables 4 and 5 here --- 
 
Longitudinal associations between physical activity, sedentary behaviour and 
adiposity and RMV 
We found four longitudinal observational studies. The exposures were birth weight (423), 
BMI (420, 434, 435) and waist circumference (435). Compared with normal birth weight 
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children, children with a low birth weight had narrower arterioles at follow up; however, no 
associations were found with retinal venules (423). 
None of the included studies found an association between BMI and retinal arterioles. For 
retinal venules, results showed associations between changes in BMI between ages 5 to 5.5 and 
8.5 to 10 years were associated with larger retinal venules at age of 12 years (434); and one 
study found that per each 1 kg/m2 increase in BMI, a 0.6 µm widening of the venules was 
associated (420).  
No associations were found between waist circumference z-scores and retinal arterioles, 
venules and AVR (435). 
We found two studies using a clustered randomized controlled trial design in which 
exposures included weight (424) and PA (424, 426). No differences between intervention and 
control groups were found for weight and retinal parameters at the end of the intervention, 
whereas for PA results showed improvements in vascular parameters. After an 18-month 
intervention, results showed increasing levels of physical activity lead to wider arterioles, 
narrower venules and higher AVR (424). An intervention of just 8 weeks, also showed wider 
arterioles but no association was found for retinal venules (426).  
 
DISCUSSION 
Cross-sectional associations between retinal microvasculature and adiposity 
Our findings show that low birth weight, increased BMI and waist circumference, higher 
levels of adiposity and SB were associated with poorer retinal microvascular profiles. 
Conversely, higher levels of PA, either indoor or outdoor, were associated with healthier retinal 
microvascular profiles, in children and adolescents. Our meta-analysis of two cross-sectional 
studies showed that greater BMI was associated with larger retinal venular diameters and 
narrower retinal arterioles, in children aged 8 years and younger.  
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Foetal life has been acknowledged as a critical period for the development of 
cardiovascular diseases (436), and  adverse fat distributions (437). In utero neglect that results 
in low-birth-weight infants (birth weight <2500 g) (438) is likely to contribute to the progress 
of vascular-related diseases in adulthood (439, 440). Birth weight reflects both the newborn and 
the pregnant nutritional conditions and is considered as an appropriate indicator of individual 
health, since birth weight influences child’s growth and development and, in the long term, 
adult’s health (441). It is also known that prematurity and low birth weight are determinants of 
neonatal mortality, infections, higher propensity to a growth delay, post-natal 
neuropsychological deficit and lower levels of academic performance (442, 443). Also, low 
birth weight seems to affect the vascular system, both functionally and structurally, which, in 
adulthood could result in a lower threshold for the development of vascular disease (444). 
Indeed, one study reported that in moderate to late preterm infants birth weight was the strongest 
predictor of abnormal retinal vascularization, particularly in narrowing of retinal arterioles or 
venules (430). Our findings are consistent with results found in adults, which indicate that low 
birth weight is associated with arteriolar narrowing (445).   
Cross-sectional studies included in this review with BMI as the exposure reported a 
significant association between BMI and retinal venules. We hypothesize that this effect could 
be more evident as obesity progresses into adolescence or adulthood. Our findings are also in 
line with those observed in adults, where similar differences were found between retinal 
arterioles and venules with increasing BMI (81, 82, 93, 446). 
Our review showed that children with greater BMI had wider retinal venules, however, 
one study found no associations between general and abdominal fat mass measures with retinal 
venules (421), while another found no associations between BMI and all retinal parameters 
(428). This shows that additional prospective studies are needed to report these outcomes more 
accurately. In adult populations, some studies have described the association between greater 
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BMI and wider retinal venules (83, 446); however, these were conducted in middle-aged and 
older individuals, and may be influenced by the presence of other comorbidities, such as 
hypertension or cardiovascular disease. 
As changes in the microvascular structure are related to adiposity and are present in early 
childhood, it is likely that these changes track from childhood into adulthood (434). From a 
clinical perspective, our meta-analysis results are important, as it can be observed a decrease of 
2.38 µm in the retinal arteriolar diameter for obese children; while for the retinal venular 
diameter, obese children showed an increase of 2.74 µm. 
Although BMI is a valid and reliable tool to assess adiposity in paediatric ages, its usage 
has some limitations. To overcome these limitations, investigators should use BMI z-scores to 
classify weight status (447). Moreover, BMI does not differentiate lean mass from fat mass. 
Further accurate anthropometric measures of abdominal and general fat mass distribution, such 
as waist circumference and waist-to-height-ratio, might be better predictors of development of 
cardiovascular diseases (447). BMI is also limited in defining the body changes with physical 
growth. Therefore, in children, more specific measurements (multifaceted obese phenotype 
characterized by measures of body fat, leg fat, liver fat and skeletal muscle mass) joining 
individual body components, with their related functional aspects, should be considered 
introducing into epidemiological studies regarding obesity and its biological effects (448). 
In contrast to BMI, waist circumference provides evidence on the pattern of fat 
distribution, particularly abdominal fat, helping with the assessment of an increased 
cardiovascular risk profile (449). This systematic review found fewer studies reporting WC 
measures compared with BMI; however, associations between waist circumference and RMV 
were quite consistent across the included studies reporting this exposure. Larger waist 
circumference was associated with narrower arterioles (12, 98, 107), wider venules (12, 98) and 
lower AVR (104). Again, these results are consistent with those found in adults, where larger 
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waist circumference has been associated with retinal arteriolar narrowing, dilated retinal 
venules (82, 450) and poorer retinal vascular profiles (451). 
Among obese children, a lower AVR was persistent across studies reporting this measure 
(104, 425, 428, 431) and higher levels of adiposity were significantly and positively associated 
with larger retinal venules (418, 431). In adults, venular dilatation has been associated with 
obesity (81) and a lower AVR with an increased cardiovascular mortality (94). Consequently, 
it seems that obese children already manifest microvascular modifications, which have in turn 
been associated with enlarged cardiovascular risk in older population. Results in children are 
consistent with studies in adults showing that excess adiposity is associated with 
microvasculature alterations (81, 95, 452). Nonetheless, further studies with a longitudinal 
design are desirable to verify if these associations are indeed linked to adult cardiovascular 
disease. 
Four cross-sectional studies reported associations between PA and RMV changes (97, 
425, 427, 433). One study showed that children with higher levels of indoor PA had narrower 
retinal venules, whereas no association was reported for arterioles; also, compared with children 
who did not participate in organized sports, children with a higher participation in organized 
sports had narrower retinal venules and a higher AVR. Moreover, for every unit increase in 
indoor activity (min/day), retinal venules decreased by about 0.04 µm. Thus, indoor activities 
were positively associated with retinal venules, in this population (427). Conversely, engaging 
in more total PA was associated with wider arterioles (difference of 1.7 µm between the highest 
and lowest tertiles of total PA), while children who spent more time involved in outdoor 
activities had wider retinal arterioles compared to those with less outdoor PA time (a difference 
of 2.2 µm between the highest and lowest tertiles) (97). This implies that engaging in an 
additional 30 minutes per day of outdoor PA can be beneficial to the retinal vascular profile. 
Since we found studies with different outcomes, we cannot assume that partaking in indoor 
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sporting activities is better than partaking in outdoor sporting activities or vice-versa. We do 
not know to what extent these activities per se influence the retinal vascular structure. 
Nevertheless, these microvascular associations suggest a potential deleterious effect of reduced 
PA on children’s microvasculature. Literature on adults found no association between PA and 
retinal arterioles, but associations with retinal venules are similar to those found in children 
(453). This is consistent with another study showing that higher levels of PA were associated 
with lower prevalence of retinal microvascular signs, such as, wider retinal venules (454). Also, 
Hanssen and colleagues showed that an endurance training program improved AVR in obese 
athletes, lean amateur athletes and lean elite athletes. This program induced arteriolar dilatation 
in obese athletes and inverted the subclinical harm of the RMV in obesity by inducing retinal 
arteriolar dilatation (455). This means that higher levels of cardiovascular fitness seem to reduce 
the prevalence of retinal abnormalities during adulthood; therefore, it should be encouraged 
among young children and maintained throughout life.   
Three cross-sectional studies reported associations between SB and RMV parameters (97, 
104, 433). Narrowing of retinal arterioles across the increasing quartiles of TV viewing was 
observed (97), and sedentary time was associated with wider venules (433). It seems that 
children who spend more time engaged in SB’s have narrower retinal arterioles. Indeed, each 
hour per day spent watching TV was associated with, on average, a 1.53 µm narrowing of 
arterioles. Likewise, AVR is significantly lower in the most sedentary group compared to the 
most physically active one. This suggests that time spent being sedentary per se, instead of the 
amount and intensity of PA, is associated with retinal AVR (104). These findings are similar to 
results in adults, where associations of prolonged SB with alterations in retinal venules were 
observed (453). Findings in children and adults, showed that lower levels of SB associates with 
a healthier retinal vascular profile.  
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The only outcome reported in all exposures from the cross-sectional studies was the 
narrowing of the retinal arterioles. Since these vessels are of interest for later development of 
cardiovascular disease (444), this could be seen as an early cardiovascular marker which could 
be targeted in interventions to prevent development of cardiovascular risk factors.  
 
Longitudinal associations between retinal microvasculature and adiposity 
Our systematic review found an association between low birth weight and narrower 
arterioles but not with venules (423). This could be because the retina is not yet fully 
vascularized at birth and the abnormal vascular pattern does not develop until around 2-3 
months of age (444). This suggests that the immediate postnatal environment may play a role 
on vessel abnormalities. An American study with 3,800 adults also observed that lower birth 
weight was associated with retinal arteriolar narrowing but not with venular narrowing (445). 
Kistner and colleagues suggest that the early perinatal influence on the vascular architecture 
persists into adulthood (444), among ex-preterm women at a median age of 25 years.   
One study reported that BMI changes at 5–5.5 and 8.5–10 years were strongly and 
positively associated with retinal venules at the age of 12 (434), meaning that changes in BMI 
have repercussions on microvascular profiles later in life. Also, per each kg/m2 increase in BMI 
a 0.6 µm venular increase was associated, but no associations were found with arterioles (420). 
No associations were found between changes in BMI from 0 to 10 years with arterioles (434) 
nor associations between weight status and retinal venules (424). This could be potentially due 
to the fact that, in samples of apparently healthy toddlers, the deleterious effects of higher levels 
of adiposity are probable manifested over time, as children grow. In addition, the difference 
between adults and children is most likely due to young children being healthy and largely free 
of known systemic cardiovascular diseases, unlike the adult population (97). Conversely, one 
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study found that changes, both in BMI and WC, were not related with retinal arterioles, venules 
or AVR (435). 
Concerning PA, both studies’ interventions attempted to increase the levels of PA while 
at school and results were consistent towards wider arterioles (426, 428). Only one study 
showed a relationship between narrower arterioles and higher AVR (424). Nevertheless, these 
results are in line with those found in cross-sectional studies, i.e. higher levels of PA leads to a 
healthier retinal vascular profile and that even interventions as short as 8 weeks in children aged 
12 proved to be beneficial for the prevention of cardiovascular disease risk.  
 
Research gaps 
The studies reported in this review focused primarily on associations between BMI and 
RMV, with only seven studies focusing on the association between PA/SB and RMV.  
With regards to adiposity, low birth weight is known to be an important risk factor for 
microvascular adaptations. Hence the processes underlying associations observed between birth 
weight and RMV need to be further investigated, preferably with longer term follow-ups. Few 
studies have examined the associations between BMI and retinal vessels among young children, 
so it is not well identified if these microvascular adaptations, in response to body fatness 
profiles, occur prior to childhood. Among the cross-sectional studies, the youngest sample 
assessed were children aged 3 years and 8 months, whereas for the longitudinal studies, the 
youngest sample assessed at baseline were children aged 2 years and 7 months. Studies looking 
at changes in RMV and its association with, either, adiposity, PA or SB, under these ages are 
needed.  
Out of the 26 studies included in this review, only six were longitudinal studies, two of 
them randomized controlled trials. As cross-sectional studies prevent inferring causality or a 
chronological order of events, more longitudinal studies, both in children and adolescents, are 
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needed. This will help confirm and offer additional considerations into the clinical significance 
of retinal observations and enhance the translation of this knowledge into clinical practice. 
Whether retinal arteriolar narrowing and venular widening in young children signifies adverse 
microvascular damages and predicts future cardiovascular risk also needs to be further 
investigated. More longitudinal and intervention studies are desirable to verify if associations 
between measures of adiposity, PA and SB and RMV are indeed linked to adult cardiovascular 
disease.   
Upcoming studies should bring knowledge on whether retinal arteriolar and venular 
changes in young children predict cardiovascular outcomes and permanent structural 
modifications in adolescence and adulthood, or if they merely reflect autoregulatory 
mechanisms in children. Likewise, the theory that as children grow older, overweight and 
obesity might have a greater influence on the microvasculature requires verification in future 
studies. 
 
Strengths and Limitations 
This systematic review is the first to our knowledge that summarizes associations between 
PA, SB and adiposity and RMV, in children and adolescents. Sample sizes of individual studies 
identified for this review varied from 24 to 4,145 participants, resulting in a total of 24,448 
participants. A meta-analysis was performed for this review, in which combining the findings 
across studies represents an advantage to strengthen the evidence about changes in RMV, 
according to BMI. However, only two studies analysed the same outcomes, which meant that 
the meta-analysis was limited due to the small amount of data for inclusion. Because the validity 
of any meta-analytical review can possibly be compromised by heterogeneity in patient 
characteristics, we predefined inclusion and exclusion criteria, to warrant reasonable 
resemblance between participants, such as age – apparently healthy but including overweight 
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and/or obese participants. Also, physical activity and sedentary behaviour were assessed 
differently across studies, meaning that direct comparisons between them should be made with 
caution. In this regard, it is worthy to comment that self-reported or proxy-reported assessment 
of physical activity and sedentary behaviour tend to be less accurate, because they rely on 
participants’ recall ability and are therefore prone to bias (456). Usually, time spent in vigorous-
intensity activities is overestimated and habitual daily activity, such as walking, being difficult 
to recall and may be underestimated (457). On the other hand, it is known that only the most 
recent accelerometers models (GT3X and GT3X+) are able to differentiate between various 
postures (i.e. lying, sitting, standing) (458, 459), and as a consequence, a potential 
misclassification when sedentary time is measured by accelerometry, time spent sedentary may 
be overestimated (460).  
 
CONCLUSIONS 
In summary, our results showed evidence that high levels of adiposity (BMI and WC), 
lack of PA and high levels of SB (particularly TV viewing) were negatively associated with 
RMV, meaning that obese, and more sedentary children and adolescents have poorer retinal 
profiles. Conversely, higher levels of PA, either indoor or outdoor, were associated with 
healthier retinal microvascular profiles.  
RMV can be an advantageous tool in identifying children who are at future risk of 
cardiovascular diseases due to its validity, reliability, non-invasive approach, and ability to 
monitor microvasculature alterations throughout life. Based on the results of our meta-analysis, 
we found that excess adiposity was associated with RMV alterations in children and 
adolescents. 
Prospective studies with longer term follow-up from childhood are warranted to offer 
further understanding into the clinical significance of some observations during childhood and 
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possible tracking, since as children grow older, overweight and obesity might have a more 
profound effect on the microvasculature. Nevertheless, these findings are of relevance, as 
narrower retinal arterioles may predict subsequent cardiovascular events during adulthood, and 
this is detectable during childhood. 
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Figure 1. Flow chart of the included studies 
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Table 1. Search strategy for associations between RMV and physical activity/sedentary 
behaviour and for associations between RMV and adiposity 
 
S1 “retinal microvasculature” OR microcirculation OR “retinal vessel*” OR microvessel* OR 
microvascula* 
S2 “physical activit*” OR exercise OR sedentary OR “screen time” OR television OR sitting OR fitness OR 
sedentar* OR inactiv* OR “physical Fitness” OR “physical conditioning” 
S3a LIMIT TO: infan* OR newborn* OR toddler* OR child* OR preschool* OR "preschool child" OR pre-
school* OR “early childhood” OR adolescen* OR youth OR p?ediatric OR teenagers OR teens 
S4 Combine S1 to S3a with “AND” 
 
 
S1 “retinal microvasculature” OR microcirculation OR “retinal vessel*” OR microvessel* OR 
microvascula* 
S2 adiposity OR obes* OR overweight OR "body fat" OR "body composition" OR "waist circumference" 
OR "body mass index" OR weight OR “fat mass” OR obesity OR over-weight OR adipos* OR fat OR 
waist OR “skinfold thickness” OR skinfold* OR “skin fold*” OR “body composition*” OR BMI OR 
"body weights and measures" OR “adipose tissue” OR “body size” OR “bio-impedance analysis” OR 
BIA OR absorptiomet* OR DXA OR DEXA OR “adipose tissue” OR “body size” 
S3a LIMIT TO: infan* OR newborn* OR toddler* OR child* OR preschool* OR "preschool child" OR pre-
school* OR “early childhood” OR adolescen* OR youth OR p?ediatric OR teenagers OR teens 
S4 Combine S1 to S3a with “AND” 
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microvasculature) 
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BMI Linear regression 




length, birth weight 
and birth length) 
The retinal venules were larger in the 
highest quartile compared with the lowest 
quartile of BMI (229.0 µm, 95%CI 226.3 to 
231.7 vs 223.0 µm, 95%CI 220.4 to 225.6), 
with a significant trend of increasing across 
all quartiles (ptrend=0.01). 
A 3.1 kg/m2 increase in BMI was associated 
with larger retinal venules (β=2.55 µm, 
95%CI 1.21 to 3.89, p<0.001). 
















(controlling for age, 
sex, ethnicity, axial 
length of the eye 
ball, mean arterial 
BP, birth weight and 
venular and 
arteriolar diameter) 
Retinal arterioles diameters tended to 
decrease with increasing quartiles of BMI 
after adjustments (1st BMI quartile: 165 µm, 
95%CI 163.2 to 166.9; 4th BMI quartile: 
161.7 µm, 95%CI 160.2 to 163.2; 
ptrend<0.001).  
Children with BMI above the age-specific 
cardiovascular threshold (BMI>16.1 kg/m2 
for boys and BMI>15.9 kg/m2 for girls) had, 
after adjustments, significantly wider retinal 
venular diameters than those below the 
threshold (width: 228.3 µm, 95%CI 226.6 to 
230 vs 232.4 µm, 95%CI 230.3 to 233.4, 
p=0.0007). 
A 2.14 kg/m2 increase in BMI was associated 
with a 1.75 µm widening in retinal venular 
diameter (B=1.75; 95%CI 0.64 to 2.87, 
p=0.0031). 
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Children with WC wider than the 
cardiovascular risk threshold had an average 
2 µm narrower (164.1 µm, 95%CI 162.5 to 
165.7) in mean arterioles than those with 
WC smaller than the threshold (165.9 µm, 
















(controlling for age, 
sex, ethnicity, iris 
colour, axial length, 
mean arterial BP, 
birth weight and 
retinal arteriolar and 
venular caliber) 
Children in the highest quartile of BMI 
(150.0 µm, 95%CI 148.8 to 151.1) had 
narrower retinal arterioles (p<0.0001), than 
those in the lowest quartile of BMI (152.8 
μm, 95%CI 151.9 to 153.7). 
Children in the highest quartile of BMI 
(216.9 µm, 95%CI 215.2 to 218.6) had wider 
venules (p<0.001) than those in the lowest 
quartile of BMI (221.1 μm, 95%CI 218.9 to 
223.2). 
Children in the highest quartile of WC 
compared with those in the lowest quartile, 
had 2.2 μm narrower CRAE (ptrend<0.0001) 













PA, SB Linear regression 
(controlling for age, 
sex, ethnicity, iris 
colour, axial length 
of the eyeball, BMI, 
birth weight, and 
mean arterial BP) 
Increasing tertiles of time spent in 
outdoor sporting activities were associated 
with wider mean retinal arterioles (lower 
tertile: 162.5 µm, 95%CI 160.9 to 164.1; 
higher tertile: 164.7 µm, 95%CI 163.0 to 
166.5; ptrend=0.004). 
Children in the highest tertile of total physical 
activity had wider mean retinal arterioles 
than those in the lowest tertile (lower tertile: 
162.7 µm, 95%CI 160.9 to 164.5; higher 
tertile: 164.4 µm, 95%CI 162.6 to 166.2; 
ptrend=0.04). 
Increasing quartiles of time spent watching 
TV were associated with narrower mean 
retinal arterioles (1st quartile: 164.2 µm, 
95%CI 163.0 to 165.4; 4th quartile: 161.9 µm, 
95%CI 160.7 to 163.1; ptrend=0.003). 
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Each hour per day spent watching TV was 
associated with, on average, 1.53 µm 
narrower retinal arterioles (p=0.006). 























(controlling for age, 
sex, fathers’ 
education, SBP, 
birth weight, axial 
length of the eye 
ball and fellow 
vessel) 
Each 3.52 kg/m2 increase in BMI was 
associated with a 3.40 μm (B=3.40 95%CI 
1.04 to 5.76, p=0.005) widening in retinal 
venular caliber (1st BMI quartile: 
223.91±21.9 µm; 4th BMI quartile: 
220.16±22.18 µm, ptrend=0.033).  
Each 4.49 mm in triceps skinfolds was 
associated with a 2.94 µm widening in 
retinal venular caliber (B=2.94; 95%CI 
0.65 to 5.23, p=0.012). (1st triceps quartile: 
212.1±22.71 µm; 4th triceps quartile: 















(controlling for age, 




weight and BMI, 
arteriolar caliber and 
mean arterial BP) 
Each SD decrease in birth weight was 
associated with narrower arteriolar caliber 
(1.31 µm; P=0.001). 
Each SD increase in BMI was associated with 
narrower arteriolar caliber (1.49 µm; 















of body fat. 
 
SB 




(controlling for age, 
gender, systolic and 
diastolic BP). 
ANOVA 
(controlling for age 
and gender). 
CRVE were significantly wider in the 4th 
quartile of BMI when compared to the 1st 
quartile of BMI, p=0.03 (238.3±1.3 vs 
234.1±1.3, p=0.03). 
AVR was significantly lower in the 4th 
quartile of BMI when compared to the 1st 
quartile of BMI, (0.86±0.01 vs 0.89±0.01, 
p=0.001). 
Per unit increase of BMI, there was a 
significant 0.37 µm increase in CRVE 
(B=0.37, 95%CI 0.007 to 0.731, p=0.046) 
and a 0.38 µm decrease in CRAE (B=-0.38, 
95%CI −0.724 to −0.025, p=0.036) and a 
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decrease of 0.003 in AVR (B=-0.003, 95%CI 
-0.004 to -0.002, p<0.001). 
Per each cm increase in WC there was a 
decrease of 0.001 units of AVR (B=-0.001, 
95%CI −0.002; <0.001, p<0.001). 
Per 1 point per cent increase in body fat, 
there was a decrease of 0.001 units of AVR 
(B=-0.001, 95%CI −0.002; <0.001, p<0.001). 
 
AVR was significantly lower in the 4th 
quartile of physical inactivity, p=0.01 (1st 
quartile: 0.89 µm, SE 0.01; 4th quartile: 0.87 
µm, SE 0.01). 
Kandasamy 













Student’s t-test Compared to normal weight, babies with 
lower birth weights had larger arterioles 
(113.1±17.9 µm vs 86.4±14.4 µm, p=0.0009) 



















ethnicity, iris colour, 
axial length, SBP, 
retinal arteriolar and 
venular caliber) 
Each kg/m2 increase in BMI was associated 
with a 1.06 µm narrowing of retinal 
arteriolar caliber (B=1.06, p=0.01) and 1.12 
µm widening of retinal venular caliber 
(B=1.12, p=0.02). 
Each cm increase in WC was associated with 
0.28 µm narrowing of retinal arteriolar 
caliber (B=0.28, p=0.01) and 0.40 µm 
widening of retinal venular caliber (B=0.4, 
p=0.001). 


















BMI Linear regression 
(controlling for age, 




and the fellow 
retinal vascular 
caliber) 
Participants with a higher BMI were more 
likely to have narrower retinal arterioles, 
whereas participants with a higher BMI were 
more likely to have a wider retinal venule 
(all p<0.001). 










Infants who had abnormal retinal vessel 
morphology also had significantly lower 
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Logistic regression median birth weight (1850 g, 95%CI 1190 to 
3260 vs 2320 g, 95%CI 1330 to 3580, 
p<0.0001). 
Birth weight was the strongest predictor of 
abnormal retinal vascularization 

























Obese children demonstrated wider CRVE 
(P=0.041) and lower AVR (P<0.001). 
No significant associations between PA and 
retinal vessel diameter were observed. 


















image grader, age, 
sex and ethnicity) 
BMI was associated with retinal arteriolar 
caliber (β=-0.06, 95%CI -0.09 to -0.03, 
p<0.05). 
Total fat mass was associated with retinal 
arteriolar caliber (β=-0.05, 95%CI -0.09 to -
0.02, p<0.05). 
No associations of general and abdominal fat 
mass measures with retinal venular caliber 
were present. 
















(controlling for age, 
sex, axial length, 
mean arterial BP 
and retinal arteriolar 
and venular 
diameter) 
Among the younger children (7–11 years), 
there was no significant association between 
any body composition parameters and RVC 
(all p>0.05).  
For the older children (12–19 years), 
increasing FM, FMI, TFP, TSFT and BMI 
were associated with CRAE negatively 
(β=0.20, -0.68, -0.18, -0.17, and -0.48, 
respectively, all p<0.05) and with CRVE 
positively (β=0.47, 1.26, 0.34, 0.37, and 0.78, 
respectively, all p<0.05), after adjustments. 








Adiposity Student’s t-test Mean retinal arterioles was significantly 
smaller (p=0.002) in obese children 
(102.6±10.45 µm) compared to non-obese 
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children (110.44±11.38 µm), whereas the 
mean retinal venules was larger, p=0.008 
(obese: 146.58±15.65 µm; non-obese: 
138.54±10.04 µm). 
Significant positive correlations between 
mean venules and weight (r=0.516, p=0.001). 
Negative correlations between AVR and 
weight (r=-0.372, p=0.018).  











(controlling for age 
and sex) 
Heavier children showed a 4.8 µm narrower 
arterioles (1st quartile: 207.9 µm, 95%CI 
205.3 to 210.6; 4th quartile: 203.1 µm, 95%CI 
200.4 to 205.9; p=0.05) and a 0.02 lower 
AVR (1st quartile: 0.9 µm, 95%CI 0.89 to 
0.91; 4th quartile: 0.88 µm, 95%CI 0.87 to 
0.89; p=0.05). 











(controlling for sex 
and age); linear 
regression 
(controlling for age, 
sex, BMI and BP) 
Children with a higher level of indoor PA had 
narrower venules (higher PA tertile: 228.5 
µm, 95%CI 225.6 to 231.3; lower PA tertile: 
233.3 µm, 95%CI 230.7 to 235.8; p=0.01).  
Children with a high degree of sport club 
participation (minutes per week) tended to 
have narrower venules (no club participation 
quartile: 231.7 µm, 95%CI 229.6 to 233.9; 
higher club participation quartile: 228.8 µm, 
95%CI 225.8 to 231.7; p=0.06) and a higher 
AVR (no club participation quartile: 0.88 
µm, 95%CI 0.88 to 0.89; higher club 
participation quartile: 0.9 µm, 95%CI 0.89 to 
0.91; p=0.06) compared with children with 
no sport club participation. 
For every unit increase in indoor activity 
(min/day), CRVE decreased by about 0.04 














BMI Linear regression 
(controlling for age, 
gender and OCT-A 
quality score) 
Decreased vessel density was associated with 
increased BMI (β=−4.12×10−4, p=0.006). 
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Student's t-test; Chi 
squared test (χ²); 
linear regression 
(controlling for age, 
gender and axial 
length) 
More time in PA was independently related 
to thinner retinal venules (β=-1.25, 95%CI -
2.20 to -0.30, p<0.01). 
Sedentary time was associated with wider 
venules (β=0.56, 95%CI 0.18 to 0.95, 
p<0.01). 
Birth weight was associated with CRVE 
(β=0.56, 95%CI 0.18 to 0.95, p<0.01).  
















BMI Linear regression 
Children with morbid obesity had lower 
CRAE (138.6±16.0 µm) and higher AVR 
(0.61±0.07 µm) than children with 
overweight and normal weight (all p<0.01). 




      




















BMI Linear regression 
(controlling for sex, 
gestation paternal 
SES, SBP, and the 
previous periods of 
PI/BMI change) 
There were no associations between changes 
in BMI from 0 to 10 years with retinal 
arterioles. 
A stronger positive association between BMI 
change at 5–5.5 years (β=0.178, 95%CI 0.009 
to 0.347, p= 0.039) and 8.5–10 years 
(β=0.277, 95%CI -0.003 to 0.556, p=0.052) 





















BMI Linear regression 
(controlling for age, 
sex, race, spherical 
equivalent, birth 
weight, and fellow 
retinal vessel 
caliber) 
Each 1 kg/m2 increase in BMI was associated 
with a significant increase in CRVE 
(β=0.597 µm; 95%CI 0.016 to 1.179, 
p=0.044) but not with CRAE.  










Compared with normal birth weight (2500–
3999 g) children, children with a low birth 
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(6 years) 39.9 months (at 
baseline) 
6.2 years (at 
follow-up) 
image grader, age, 





childhood BMI and 
BP) 
weight (<2499 g) had narrower retinal 
arterioles (difference=-0.26 SD, 95%CI -
0.44 to -0.08, ptrend=<0.01). 
No association of birth weight with retinal 
venules. 
van Aart et 

























(controlling for age, 
sex, mean arterial 
pressure, fellow 
retinal vessel 
caliber, PA, sugar 
and fat propensity 
ratio and birth 
weight) 
Changes in zBMI and zWC were not related 
with CRAE, CRVE or AVR. 
Longitudinal – Randomized control 
trials 


















The EG compared to the CG showed higher 
CRAE at post-test, when pre-test values were 
accounted for, F(1,32)=4.92, p=0.036, 

















Two sample t-tests; 
Mann-Whitney U-




(controlling for the 
study group, age, 
gender and BMI) 
Improvements in vascular parameters were 
observed for AVR (increase in 83% of 
children in IG vs 50% in CG; p<0.001) and 
for CRVE (43% of children with retinal 
venular widening in IG versus 58% in CG, 
p=0.019). 
These vascular improvements were also seen 
in overweight children for CRAE (IG: 
203.1±13.8 μm to 208.3±14.5 μm; CG: 
208.7±14.6 μm to 209.6±15.3 μm, p=0.021) 
and AVR (IG: 0.86±0.05 to 0.89±0.05; CG: 
0.87±0.06 to 0.87±0.06, p<0.001). 
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No difference in changes in CRVE were 
observed between overweight children in the 
IG and the CG over 18 months. 
 
Abbreviations: SD=standard deviation; BMI=body mass index; CI=confidence interval; WC=waist circumference; BP=blood pressure; CRAE=central retinal arteriolar 
equivalent; CRVE=central retinal venular equivalent; PA=physical activity; SB= sedentary behaviour; TV=television; SBP=systolic blood pressure; AVR=arteriolar to venular 
ratio; TSFT=triceps skinfold thickness; FM=fat mass; FMI=fat mass index; TFP=trunk fat percentage; SES=socioeconomic status; PI=ponderal index; EG=exercise group; 
CG=control group; IG=intervention group. 
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the study have 
complete data?  
Did the study 
report the 
sources and 
details of the 
tool used in 
the study to 
assess RMV? 
Was the tool 
used in the 
study to assess 
RMV reliable 
and/or valid? 
Did the study report the 
sources and details of 
the measurement tool 
used in the study for 
the exposures? 
(Exposures: measures 
of adiposity; PA; ST 
and physical inactivity) 
Were the 
measurements 









not others based 
on the results? 
  
















0 1 1 1 1 1 0 1 6/8 Low 
Li et al., 
2011 (418) 








1 0 1 1 1 1 1 1 7/8 Low 
Kandasamy 
et al., 2012 
(417) 
1 0 0 1 1 0 0 1 4/8 High 
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1 1 0 1 1 1 1 1 7/8 Low 
Tapp et al., 
2013 (434) 
0 0 0 1 1 1 1 1 5/8 High 
Zheng et al., 
2013 (429) 
1 0 1 1 1 0 0 1 5/8 High 
Allvin et al., 
2014 (430) 
1 0 0 0 0 0 1 1 3/8 High 
Kurniawan 
et al., 2014 
(420) 




0 0 0 1 1 1 1 1 5/8 High 
Gishti et al., 
2015 (423) 
1 0 0 1 1 0 0 1 4/8 High 
Gishti et al., 
2015 (421) 
0 0 0 1 1 1 1 1 5/8 High 
Xiao et al., 
2015 (106) 
1 1 0 1 1 1 1 1 7/8 Low 
Ersan et al., 
2016 (431) 
1 0 1 1 1 0 1 1 6/8 Low 
Imhof et al., 
2016 (427) 
0 0 0 1 1 1 1 1 5/8 High 
Imhof et al., 
2016 (428) 
0 0 1 1 1 1 1 1 6/8 Low 
van Aart et 
al., 2017 
(435) 








1 0 0 1 1 0 1 1 5/8 High 
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0 0 1 1 1 1 1 1 6/8 Low 
Rijks et al., 
2018 (422) 




0 0 1 1 1 1 1 1 6/8 Low 
           
Score 14/26 5/26 11/26 24/26 25/26 19/26 22/26 26/26   
 
Abbreviations: RMV=retinal microvasculature; PA=physical activity; ST=sedentary time. 
0=No 
1=Yes 
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Table 4 – Meta-analysis performed to assess the association between body mass index (1st and 4th quartiles) and changes in retinal arteriolar 
diameter. 
Review: Retinal microvasculature 
Comparison: Body mass index (1st and 4th quartiles) 
Outcome: Retinal arteriolar diameter 
Study n 
Retinal arteriolar diameter 
– 1st quartile (Mean 95% 
CI) 
n 
Retinal arteriolar diameter 
– 4th quartile - obese (Mean 
95% CI) 
Weighted mean difference (fixed) 
95% CI 
Weight (%) 
Weighted mean difference 
(fixed) 95% CI 
Taylor et al., 
2007 
402 167.4 (165.7, 169.2) 402 164.5 (162.9, 166.1) 
 
56.99% 2.9 (0.57, 5.24) 
Cheung et al., 
2007 
194 157.3 (155.4, 159.2) 190 155.6 (153.7, 157.5) 43.01% 1.7 (-0.99, 4.39) 
Subtotal (95% 
CI) 
596  592  100% 2.38 (0.62, 4.15) 
Test for heterogeneity: Chi-square=0.437; df=1 (p=0.509); I2=0%  
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Table 5 – Meta-analysis performed to assess the association between body mass index (1st and 4th quartiles) and changes in retinal venular 
diameter. 
Review: Retinal microvasculature 
Comparison: Body mass index (1st and 4th quartiles) 
Outcome: Retinal venular diameter 
Study n 
Retinal venular diameter – 
1st quartile (Mean 95% CI) 
n 
Retinal venular diameter – 
4th quartile - obese (Mean 
95% CI) 
Weighted mean difference (fixed) 
95% CI 
Weight (%) 
Weighted mean difference 
(fixed) 95% CI 
Taylor et al., 
200725 
402 231.6 (230.0, 233.1) 402 233.0 (231.2, 234.8) 
 
70.78% -1.4 (-3.81, 1.01) 
Cheung et al., 
20073 
194 223.0 (220.4, 225.6) 190 229.0 (226.3, 231.7) 29.22% -6.0 (-9.75, -2.25) 
Subtotal (95% 
CI) 
596  592  100% -2.74 (-4.78, -0.72) 
Test for heterogeneity: Chi-square=4.095; df=1 (p=0.043); I2=0%  
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Purpose: The aim of this systematic review was to summarize the literature on the associations 
between breaks in sitting time and cardiovascular health, in children and adolescents. Methods: 
The search was conducted using five databases (MEDLINE, SCOPUS, WEB OF SCIENCE, 
PSYCINFO and CINAHL) through to 25 February 2019. Due to heterogeneity of the data, 
meta-analyses were not possible. Results: We screened 2,577 studies, and 15 studies were 
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included, representing 9,116 participants, from six different countries. Five observational 
studies and four experimental studies showed associations between breaks in sitting time and 
cardiovascular health, i.e. an increased number of breaks in sitting time was negatively 
associated with a cardiovascular health outcome. No associations between number of breaks in 
sitting time and cardiovascular health outcomes were found in the six remaining studies. 
Conclusions: Studies examining associations between breaks in sitting time and cardiovascular 
health in children have shown some favourable associations. More epidemiological evidence is 
required, to inform lifestyle interventions and public health policies, which could translate into 
long-term implications on population health. 
 
Keywords: cardiovascular risk factors; sedentary time; youth; body composition; 
cardiometabolic health; paediatric. 
 
INTRODUCTION  
Sedentary time is defined as the time spent for any duration (e.g., minutes per day) or in 
any context (e.g., at school or work) in sedentary behaviours (293). Within sedentary time, 
sitting is defined as a type of sedentary behaviour, characterized by a position in which one’s 
weight is supported by one’s buttocks rather than one’s feet, and in which one’s back is upright. 
A sedentary break is defined as a non-sedentary bout in between two sedentary bouts, being 
that a sedentary bout is a period of uninterrupted sedentary time (293).  
Cardiovascular disease is the largest cause of death among adults worldwide (45) and 
there is emerging evidence showing that cardiovascular risk factors and lifestyle behaviours 
tend to track from childhood into adulthood, contributing to the risk of diseases decades later 
(3, 59). Indeed, as sedentary time seems to be a prevalent behaviour that may contribute to 
cardiovascular risk in young children (302, 341), public health recommendations encourage 
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young children and youth to limit their sedentary time. Canadian and Australian 24-Hour 
Movement Guidelines for the Early Years recommend that children younger than 1year old 
should not be restrained for more than 1 hour at a time and screen time is not recommended; 
for toddlers, the recommendation is similar with the remark that for those younger than 2 years 
old, sedentary screen time is not recommended and, for those aged 2 to 4 years old, sedentary 
screen time should be no more than 1 hour (256, 257). The Canadian 24-Hour Movement 
Guidelines for Children and Youth recommend that children between 5 and 17 years old should 
have no more than 2 hours per day of recreational screen time and should limit sitting for 
extended periods (256). In this line of thought, it seems important to understand what the 
literature says about the relationship between breaking up sedentary time/sitting time and 
cardiovascular health, in children, to prevent having an adult population with low health levels.  
Epidemiological studies have described negative associations between total sedentary 
time and cardiovascular risk factors, in children and adolescents (302, 341), suggesting that 
prolonged sitting may have a quantifiable health effect in this population. On the other hand, 
evidence also shows that breaking-up prolonged sitting time with light-intensity physical 
activity (LPA) can be beneficial for adults’ cardio-metabolic health (33, 36, 461, 462), and is 
associated with decreased all-cause mortality risk (463). However, it is yet unclear which 
features and patterns of sedentary time might be most strongly associated with increased health 
risk, in children and adolescents (302, 341). The two most recent reviews on the sedentary 
behaviours and health indicators were unable to draw conclusions on the associations between 
breaks in sitting time and health outcomes. Poitras and colleagues’ review (302) in young 
children (0-4 years) did not assess the effects of breaks in sitting time and health outcomes, and 
Carson and colleagues’ review (341) showed that in youth (5-17 years) breaking up sitting time 
was not consistently associated with any health outcomes. 
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In this context, the aim of this systematic review was to summarize the literature on the 
associations between breaks in sitting time and cardiovascular health, in children and 
adolescents aged 0 to 18 years. Such review is warranted, given the increased research interest 
on this topic, in the last years. The evidence herein provided has the potential to inform future 
lifestyle interventions and public health policies and guidelines.  
 
METHODS 
Protocol and Registration 
This review was registered with the international prospective register of systematic 
reviews PROSPERO network (http://www.crd.york.ac.uk/PROSPERO/): registration no. 
CRD42018083790. We followed the PRISMA statement for reporting systematic reviews and 
meta-analyses (464).  
Search strategy and data sources 
 A structured computer-based search on the electronic databases MEDLINE, SCOPUS, 
WEB OF SCIENCE, PSYCINFO and CINAHL, on peer-reviewed articles was performed by 
one author (ES), through to 25 February 2019 (including all available years because of the 
recent interest to investigate breaks in sitting time). The search strings used can be seen in Table 
1. 
Studies were imported into Reference Manager Software (EndNote X8) where duplicate 
records were removed. Titles and abstracts were then reviewed and checked for relevance, and 
relevant full text articles were obtained and assessed for inclusion by four authors (ES, JM, JP 
and ZZ). Reference lists of included articles and relevant reviews were also checked for 
additional relevant studies. Disagreements (n=2) were resolved by consensus with two other 
authors (RS and ADO). 
--- Insert Table 1 here --- 
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Study selection criteria 
To be included, studies had to be published in English, Portuguese, French, Spanish or 
Chinese. The study participants were apparently healthy but included overweight and/or obese 
children and youth (from birth to 18 years old).  
There were no limitations on study designs. However, methods papers, conference 
abstracts or proceedings, editorials, commentaries and reviews were not considered. For 
longitudinal studies, the age criteria applied to, at least, one exposure measurement in time. 
Articles had to meet the a priori determined population, intervention, comparator, and outcome 
(PICO) study criteria (465). For intervention studies, the considered exposure was measures of 
breaks in sitting time. A comparator or control group was not required. 
Breaks in sitting time could be measured either objectively (e.g., pedometer, 
accelerometer, inclinometer, direct observation) or subjectively (e.g., self-report, proxy-report). 
Therefore, studies were required to have a measure of breaks in sitting time per se, rather than 
just a measure of the number of bouts of sitting time. For the outcomes, changes or measures 
in children’s cardiovascular health outcomes had to be reported. The studies needed to contain 
a measure cardiovascular health as a dependent variable and had to assess the associations 
between breaks in sitting time and cardiovascular health outcomes.  
Data extraction and synthesis 
 Descriptive study characteristics, exposure, outcome, validity/feasibility of tools used 
for assessments, and results information were extracted for each study, through a coding 
framework to record information on a variety of details on two tables. Table 2 shows the 
characteristics of the observational studies included: author, study design, sample 
characteristics, measurement of the exposure, assessment of the outcome, type of statistical 
analysis with confounders and main results. Table 3 shows the characteristics of the 
experimental studies included: author, study design, aim, sample characteristics, measurement 
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of the exposure, assessment of the outcome, type of statistical analysis with confounders, 
intervention details and main results. 
--- Insert Tables 2 and 3 here --- 
Quality assessment  
Four authors (ES, JM, JP and ZZ) independently assessed the risk of bias (ROB) using 
GRADE framework (Grading of Recommendations Assessment, Development, and 
Evaluation)(407). GRADE does not have an official tool to assess ROB in 
observational/experimental studies but recommends the types of features to examine (408).  
General quality of evidence was assessed for each included study design based on five 
characteristics: (i) selection bias, (ii) attrition bias, (iii) detection bias, (iv) performance bias 
and (v) selective reporting bias. To be in line with the GRADE framework, quality of evidence 
scores start at “high” for randomized controlled trials and “low” for all other experimental and 
observational studies. Additional information on GRADE methodology can be found elsewhere 
(407) and details for each criteria used to assess ROB can be seen in table 4. 
--- Insert Table 4 here --- 
Data analysis 
Meta-analyses were not possible due to insufficient homogeneity of statistical, clinical 
and methodological characteristics of the data. Therefore, we conducted a qualitative synthesis, 
with all studies weighted equally and the results presented narratively. Statistical significant of 
included studies was deemed based on what each study reported to be significant. 
 
RESULTS 
A total of 3,262 studies, published between 1937 and 2018, were identified through 
database searches (Figure 1). After removing duplicates, 2,577 studies remained. After titles 
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and abstracts were screened, 315 full-text articles were included for full-text review and, of 
these, 15 studies met the inclusion criteria. 
Included studies were published between 2011 and 2018 and were conducted in Canada 
(41, 43, 466-468), Australia (371, 372, 469, 470), United States (370, 471, 472), UK (473), 
Ireland (474) and Portugal (475). Sample size ranged between 19 and 2698 children and 
adolescents (43% girls). This review included a total of 9116 participants. Nine studies were 
cross-sectional in design (60%), three were randomized crossover trials (20%), and there was 
one randomized trial (6.7%), one pilot non-randomized trial (6.7%) and one quasi-experimental 
intervention trial (6.6%). Samples age ranged from 1.3 to 16.6 years.  All studies used objective 
measures of sedentary time: Actical (43, 466, 468), Actigraph accelerometers (AM7124; 
LS7164; GT1M; GT3X; GT3X+) (371, 467, 471, 472, 475-477), activPal accelerometer (372, 
470) and RT3 triaxial accelerometer (473).  
Of the 15 included studies, only five (33%) showed consistent and significant 
associations. Results from the observational studies’ showed that breaks in sedentary time were 
negatively associated with the continuous cardiometabolic risk score and with BMI z-scores 
(477); and breaks in sedentary time were positively associated with fitness (475). Experimental 
studies’ showed that the higher the number of breaks, the higher the energy expenditure (468); 
and interrupting sitting time resulted in lower insulin, C-peptide, glucose and lower free fatty 
acids (471, 472). 
The remaining 10 studies (67%), showed either favourable or null associations between 
breaks in sedentary time/sitting time and cardiovascular health (371, 466, 467, 469, 470, 473, 
474, 476, 478, 479). Results also showed a similar number of favourable and null associations 
for both adiposity and metabolic outcomes; whereas for fitness and energy expenditure, results 
only showed favourable associations (Table 5). 
--- Insert Table 5 here --- 
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ROB results are presented in table 4. Out of the fifteen studies included in this review, 
ten studies (67%) were classified as having a low ROB and five as having a high ROB (33%). 
All studies had a reliable and/or valid tool to assess both cardiovascular health outcomes and 
breaks in sitting time.  
 
DISCUSSION 
Research on sedentary behaviour has typically focused on the investigation of its volumes 
and types. However, the patterns in which sedentary behaviour is accumulated should also be 
taken into consideration given that the way in which sedentary time is accumulated may help 
to clarify the associations between sedentary time and health outcomes, in children and 
adolescents (471). 
Most of the studies included in this review reported favourable and some null associations 
between breaking sitting time and CV health outcomes. This may be due to the use of different 
markers of CV health across the included studies, as well as, the use of several operational 
definitions for breaks in sedentary time/sitting time and different devices used to assess breaks 
in sitting time. Concerning the different markers of CV health, adiposity and cardiometabolic 
markers were the CV risk factors more frequently assessed by the studies included. The 
favourable and null associations found are in line with previous reviews in children and 
adolescents (302, 341), which advocate for early prevention strategies, as CV risk factors tend 
to track over time. 
About the use of different operational definitions of sedentary breaks and monitor 
devices, it should be noted that only recently, standardized definitions of sitting time and breaks 
in sitting time have been proposed (293). The different definitions of breaks used across studies 
is one of the reasons for the different number of breaks in all studies; i.e. Dowd and colleagues 
(474) defined breaks in sitting time as any transition from a sitting/lying posture to a standing 
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posture, whereas Gabel (371) and colleagues defined breaks in sedentary time as the number of 
times that the accelerometer exceeded 25 counts per 15-s epoch, following a 15-s epoch of <25 
counts per epoch. Within those definitions, the authors also added the concept of “breakers” 
and “prolongers”, to distinguish those who accumulate sitting time with frequent interruptions 
from those who accumulate sitting time in prolonged and continuous periods, respectively. 
Such definitions have the potential to be used in future studies. This would significantly reduce 
the heterogeneity between studies, making comparisons between studies easier and attainable.  
The included studies assessed breaks in sitting time with different devices, as stated 
before. In this regards it is worthy to comment that only the most recent  accelerometers models 
(GT3X and GT3X+) are able to differentiate between various postures (i.e. lying, sitting, 
standing)(458, 459); whereas the activPal allows for this (480). As a consequence of potential 
misclassification when sedentary/sitting time are measured by accelerometry, time spent 
sedentary (both total and breaks) may be overestimated (460). Nevertheless, we considered that 
all studies used valid tools to assess breaks in sitting time, given the definitions of breaks that 
each of the included studies considered. Regardless of the inconsistencies found, the results of 
our systematic review offer new data regarding the associations of breaking up prolonged time 
spent sitting, with either LPA or MVPA, on the children’s cardiometabolic profile. 
While increased breaks in objectively measured sedentary time have been positively 
associated with markers of cardiometabolic risk in adults (33, 462), this is not yet a certainty in 
the paediatric population. However, in the absence of more longitudinal and epidemiological 
evidence, we can only speculate that the harmful effects of prolonged sitting time in youngsters, 
take time to exert an effect on health. This could potentially be a possible explanation for the 
different results between children/adolescents and adult population. However, and remarkably, 
the UK Physical Activity Guidelines, and the new 24-hour Movement Australian and Canadian 
Guidelines for the Early Years (256, 257, 481) recommend on reducing/breaking up sedentary 
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behaviour, more precisely, sitting time. Both the Australian and Canadian guidelines, further 
recommend that sitting time should be interrupted, at least, every hour, and it should be replaced 
with more energetic play (256, 257). These guidelines highlight the importance of, not only 
motivating for MVPA, but also reducing sitting time, to achieve greater health benefits. 
 
Research gaps 
No study included in this review assessed the movement behaviours that make up the 
whole day (sleep, sedentary behaviour and physical activity of all intensities) (333), which are 
known to interact, conflate and influence health, ignoring their potential synergic effects on 
cardiovascular disease development (482). Therefore, examining the evidence of the movement 
behaviours combination, might be the key to better understand the complexity of the clustering 
and interactions of these behaviours and its health effects. 
To reduce heterogeneity between studies investigating breaks in sitting time or in 
sedentary behaviour, the new standardized operational definitions of sedentary bouts and breaks 
proposed by Tremblay and colleagues (293) should be adopted by the research community in 
this field. 
To understand at what level sedentary time and its interruptions are associated with 
markers of cardiometabolic risk in paediatric populations, more epidemiological studies with 
objectively measured sedentary breaks in sitting/sedentary time are required. Also, researchers 
could explore differences between age groups, i.e. early years separately to adolescents.  
 
Strengths and Limitations 
The main strength of this systematic review is the fact that is the first, to our knowledge, 
to summarize the associations between breaks in sitting time and cardiovascular health 
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outcomes in children and adolescents. This review included a total of 9,116 participants, which 
is a large number considering that only included sixteen studies.  
Nonetheless, our review is not without limitations. Due to heterogeneity of the data, meta-
analyses were not possible and, therefore, narrative syntheses were conducted. 
 
CONCLUSIONS  
The association between breaks in sitting time and cardiovascular health outcomes (which 
includes adiposity) in children is inconsistent and has revealed mostly favourable and some null 
associations. As it is known that there is a negative association between breaks in sitting time 
and cardiovascular health in adults and given the few studies included in this systematic review, 
more epidemiological evidence, on the relationship between patterns of sedentary time and 
markers of cardiovascular health is required to draw definitive conclusions on the association 
between breaks and cardiovascular health in youth. This will help to inform lifestyle 
interventions and public health policies intended to diminish chronic disease risk in children 
and youth, consequently translating into long-term implications on population health. 
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Figure 1. Flow chart of the included studies 
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Table 1. Search strategy 
 
S1 “sedentary lifestyle” OR sedentary OR inactiv* OR “low energy expend*” OR sit* OR “sitting time” OR 
“physical* inactiv*” OR chair OR stroller OR car OR automobile* OR auto* OR “motor vehicle*” OR 
bus OR indoor* OR in-door OR computer OR sitting OR television OR “video games” OR software OR 
“videodisc recording” OR cartoons OR “motion pictures” OR screentime OR ((screen or computer) adj3 
time) OR ((watch* or view*) adj2 (dvd* or video*)) OR “screen media” OR “social media” OR “video 
gam*” OR videogam* OR “computer gam*” OR “electronic gam*” OR smartphone* OR ipad OR apps 
OR app OR “mobile applications” OR “screen based entertainment” OR sedentar* 
S2 break* OR interrupt* 
S3 obesity OR obes* OR overweight OR over-weight OR “body fat” OR “body composition” OR adipos* 
OR fat OR waist OR “waist circumference” OR “skinfold thickness” OR skinfold* OR “skin fold*” OR 
“body composition*” OR BMI OR “body mass index” OR "body weights and measures" OR “adipose 
tissue” OR “body size” OR “bio-impedance analysis” OR BIA OR absorptiomet* OR densitomet* OR 
photodensitomet* OR DXA OR DEXA OR “adipose tissue” OR “body size” OR “physical fitness” OR 
“physical conditioning” OR fitness OR “metabolic syndrome” OR “insulin resistance” OR 
“cardiovascular risk factor*” OR “cardiovascular risk*” OR “blood glucose” OR diabetes OR 
“cardiovascular disease*” OR ((cardiovascular OR heart OR vascular) adj2 risk*) OR hypertension OR 
hypertens* OR “high blood pressure” OR “blood pressure” OR glyc?emia OR hypercholesterolemia OR 
hyperlipidemias OR cholesterol OR hypercholester* OR hyperlipid* OR dyslipid* OR lipid OR 
triglycerides 
S4a LIMIT TO: infan* OR newborn* OR toddler* OR child* OR preschool* OR "preschool child" OR pre-
school* OR “early childhood” OR adolescen* OR youth OR p?ediatric OR teenagers OR teens 
S5 Combine S1 to S4a with “AND” 
a Where applicable. 
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Table 2. Characteristics of observational studies (in chronological order)  
Author 
(Study) 
Design Study sample Measurement 
of breaks in 
sitting time 
(exposure) 

































within each bout 
of SB, as the 





















of SB and 
MVPA. 
The prevalence of 
high cardio-
metabolic risk score 
did not vary across 
quartiles of the 
breaks in bouts of SB 
measures 
(ptrend=0.78). 
Breaks in bouts of 
SB measures did not 
predict (ptrend=0.67) 
high cardio-
metabolic risk score 
after adjusting for 
various confounders, 
the volume of SB and 
MVPA. 


















were defined as 
an interruption in 
sedentary time 
(lasting a 
minimum of one 
minute) in which 
there was a 
transition in 
accelerometer 
count from <100 
cpm to ≥100 cpm. 







daily minutes of 




Number of breaks in 
sedentary time, after 
3pm on weekdays, 
was negatively 
associated with WC 
(β=– 4.04, p<0.006) 
in boys aged 11–14 
years. 
Breaks in sedentary 
time were not 
significantly 
associated with BMI 
or WC in girls of any 
age or in boys aged 
6–10 or 15-19 years. 
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 119 
Breaks in sedentary 
time were not 
associated with BP or 
non-HDL cholesterol 






















were defined as 
any interruption 
in sedentary time 
lasting one 
minute or longer, 
in which the 
accelerometer 
cpm, rose up to or 
above 100. 
BMI z-score and 
continuous 
cardiometabolic 










wear time, age, 




included in the 
outcome), Tanner 
stage, parental 
income and level 
of education. 
Breaks in sedentary 
time were negatively 
associated with the 
continuous 
cardiometabolic risk 
score, both in boys 
and girls (boys: β= -
0.057, 95%CI= -
0.106 to -0.008; girls: 
β= -0.084, 95%CI= -
0.143 to -0.024) and 
BMI z-scores (boys: 
β= -0.026, 95%CI= -
0.040 to -0.012; girls: 
β= -0.032, 95%CI= -
0.048 to -0.016). All 
p<0.05. 


















A break was 
defined as an 
interruption in 
sedentary time 
and reflected any 
5-s epoch change 
from sedentary 
time to light-
intensity PA or 
MVPA. 
BMI z-score and 
BMI z-score 
stratified by low 





Age, sex, SES, 
MVPA and total 
sedentary time. 
After adjustment for 
confounders, the total 
number of sedentary 
breaks per hour, the 
total number of 
sedentary breaks per 
hour on weekdays 
and on weekends 
were not associated 
with BMI z-score nor 
BMI z-score when 
participants were 
stratified by low and 
high MVPA 
(p>0.005 for all). 
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Breaks in sitting 
time were defined 
as any transition 
from a 
sitting/lying 
posture to a 
standing posture 
and breaks in 
sitting/lying time 
were summed 
over the waking 
measurement 
period. 













observed between the 
number of breaks in 
sitting/lying time and 
BMI percentiles (β =-
0.3; 95%CI -0.59 to -
0.01; p=0.04), but 
not skinfolds (β=-0.3; 
95%CI -0.63 to 0.03; 
p=0.07), after 
adjustments. 


















were defined as 
the number of 
times that the 
accelerometer 
exceeded 25 
counts per 15-s 
epoch, following 
a 15-s epoch of 
<25 counts per 
epoch. 











and diet density. 
No significant 
associations between 
the frequency of 
breaks in sedentary 




















were defined as a 
sedentary bout 
interrupted by ≥1 











risk score; and 
cardiorespiratory 









wear time and 
light PA. 
The number of 
breaks in sedentary 








longer mean duration 
of daily breaks in 
sedentary time were 
less likely to have 
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 121 
abdominal obesity 
and elevated DBP 
(OR=0.12; 95%CI 
0.02 to 0.87; p=0.04 
and OR=0.07; 
95%CI 0.01 to 0.53; 
p=0.01, respectively). 















were defined as 
each interruption 
in sedentary time 
in which the 
accelerometer 
count raised up to 





range (100 to 
2295 counts/min) 








Age, season of 
data collection, 
total sedentary 
time and MVPA. 
Breaks in sedentary 




independent of total 
sedentary time and 
MVPA in boys but 
not in girls (all: 
β=0.024, 95%CI 
0.013 to 0.034; boys: 
β=0.026, 95%CI 
0.009 to 0.042; girls: 
β=0.001, 95%CI 
−0.017 to 0.019). 
In boys, each break 
in sedentary time was 
associated with 0.026 
higher fitness 
composite score.  
Sousa-Sá et 











Breaks in sitting 
time were defined 




total number of 




BMI and WC. Logistic 
regression 
models 
Age, sex, and 
SES. 
The number of 
breaks in sitting time 





The number of 
breaks in sitting time 
significantly 
predicted a lower 
weight status (non‐
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Abbreviations: SB=Sedentary behaviour; MVPA=moderate-to-vigorous physical activity; WC=waist circumference; SBP=systolic blood pressure; HDL=high-density 
lipoprotein cholesterol; SES=socio economic status; BMI=body mass index; DBP=diastolic blood pressure; PA=physical activity; TC=total cholesterol; BP=blood pressure; 
cpm=counts per minute; FMI=fat mass index; SF=fragmentation of sedentary time. 
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disease risk in 
healthy children 
and youth, in 
comparison to 
8h of sitting 
interrupted by 
light intensity 










WC; BMI; VO2 
peak; glucose, 
triglycerides, 












PA and SB. 
The participants 
attended one baseline 
session and three 
experimental sessions, 
each separated by at 
least 1 week. 
Participants were 
exposed to 3 
experimental 
conditions in a random 
order: (1) a day of 
uninterrupted sitting 
(Sedentary); (2) a day 
of sitting interrupted 
with a 2 min light-
intensity walk break 
every 20 min (Breaks); 
(3) a day of sitting 
interrupted with a 2 
min light intensity walk 
break every 20 min as 




were provided at 
breakfast and lunch. 
No significant 
differences were 
observed in the area 
under the curve for 
any marker of 
cardiometabolic 
disease risk, across the 






the acute effect 
of prolonged 















BMI, WC, PA, 
SB, VO2 peak 














The estimated EE 
differed significantly 
across the 3 
experimental 
conditions, with the 
Breaks condition 
showing higher values 
of EE than the 
Sedentary condition 
and the Breaks+PA 
condition showing 
higher values of EE 
than the Breaks 




























conditions in random 
order on different days: 
continuous sitting for 3 
Interrupting sitting 
resulted in a 32% 
lower insulin AUC 
(p<0.001), 17% lower 
C-peptide AUC 
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hours or sitting 
interrupted by walking 
(3 min of moderate-
intensity walking every 
30min). 
(p<0.001), and 7% 
lower glucose AUC 
(p=0.018) vs 
continuous sitting. 
Mixed model results 
indicated that insulin 




significantly lower in 


















To examine the 









and pattern of 
sitting time in 
the classroom, 
cardio-metabolic 























One Year 6 class was 
assigned as an IG and 
another Year 6 class as 
a CG. Each participant 
in the IG was provided 






teaching blocks (of at 
least 60 min) would be 
interrupted every 30 
min with a 2-min 
guided light-intensity 
active break from 
sitting. The teacher was 
asked to deliver at least 
one 30-min standing 
lesson each day. 
The CG followed 
standard pedagogical 
practice and retained 
During school time, 
the IG exhibited a 
significant positive 
mean difference in the 
frequency of sit to 
stand transitions 
relative to the CG 
(mean dif=7.26; 
95%CI 1.2 to 13.32; 
p=0.02). No other 
significant 
intervention effects 
were reported for other 
sitting and activity 
measures, during 




were found for BMI, 
WC or BP. 
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conditions in random 
order: prolonged sitting 
(3h of continuous 
sitting) and interrupted 
sitting (3min of 
moderate-intensity 
walking at 80% of 
ventilatory threshold 
every 30 min for 3h). 
Results identified 
lower insulin and C-
peptide in the 
interrupted condition 
(p=0.007 and p=0.029, 
respectively). 
The intervention 
reduced insulin AUC 
by 21% (p<0.001) and 















































Students from years 7, 
10 and 11 with 
timetabled classes in 
the IG and a CG of 
students (i.e. matched 
on year level and 
school subject) who 
only used the 
traditional ‘seated’ 
classrooms. Traditional 
classroom furniture in 
the IG was replaced 
with height-adjustable 
desks and lab stools for 
every student and 
teacher. 
Students were 
encouraged to break up 
classroom sitting every 
15 minutes with 
standing for at least 2 
minutes. 
Compared to the CG, 
the IG expended 
significantly more 
energy during a typical 
lesson at 4 and 17 
weeks. Relative to the 
CG, WC was 
significantly lower in 
the IG at 4 and 17 
weeks. 
While BMI was 
significantly higher at 
4 weeks, no significant 
intervention effect on 
BMI was observed at 
17 weeks. 
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Abbreviations: WC=waist circumference; BMI=body mass index; HDL=high-density lipoprotein cholesterol; LDL=low-density lipoprotein cholesterol; MVPA=moderate-to-
vigorous physical activity; PA=physical activity; SB=sedentary behaviour; BP=blood pressure; CG=control group; IG=intervention group; EE=energy expenditure; AUC=area 
under the curve. 
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Did an adequate 
proportion (at least 
70%) of those 
consenting to 




up; high loss to 
follow-up; missing 
data) 
Did the study 
report the 
sources and 
details of the 
tool used in the 
study to assess 
cardiovascular 
health? 
Was the tool 
used in the 




Did the study 
report the sources 
and details of the 
measurement tool 
used in the study 
for the exposures? 
(Exposures: 
measures of 














based on the 
results? 
  




















0 0 1 1 1 1 1 1 6/8 Low 
Dowd et al., 
2014 (474) 




0 0 0 1 1 1 1 1 5/8 High 
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1 1 0 1 1 1 1 1 7/8 Low 
Contardo-
Ayala et al., 
2016 (483) 
0 0 0 1 1 1 1 1 5/8 High 
Gabel et al., 
2016 (371) 




1 0 0 1 1 1 1 1 6/8 Low 
Júdice et al., 
2017 (475) 




1 1 0 1 1 1 1 1 7/8 Low 
Contardo-
Ayala et al., 
2018 (484) 




1 1 1 1 1 1 1 1 8/8 Low 
           
 7/15 6/15 7/15 15/15 15/15 15/15 15/15 15/15   
 
0= No; 1= Yes; 
* Scores above 6/8 were considered low risk of bias. 
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Table 5. Results of the included studies 
 












BMI Dowd et al., 2014(474) 
 
 Colley et al., 2013(466) 
Sousa-Sá et al., 2018(470) 
Contardo-Ayala et al., 
2016(479)* 
Contardo-Ayala et al., 
2018(469)* 
 5/7 studies showed favourable associations for adiposity 
outcomes 
 
5/7 studies showed null associations for adiposity outcomes 
zBMI Saunders et al., 2013(477)  Carson et al., 2014(467)  
WC Colley et al., 2013(466) 
Sousa-Sá et al., 2018(470) 
Contardo-Ayala et al., 
2018(469)* 
 Colley et al., 2013(466) 
Contardo-Ayala et al., 
2016(479)* 
 
Skinfolds   Dowd et al., 2014(474)  












Cholesterol   Colley et al., 2013(466)  3/9 studies showed favourable associations for metabolic 
outcomes 
 
6/9 studies showed null associations for metabolic outcomes 
C-reactive protein   Gabel et al., 2016(371)  
Insulin Belcher et al., 2015(471)* 
Broadney et al., 2018(472)* 
   
C-peptide Belcher et al., 2015(471)* 
Broadney et al., 2018(472)* 
   
Glucose Belcher et al., 2015(471)*    
Free fatty acid Belcher et al., 2015(471)*    
BP   Colley et al., 2013(466) 
Contardo-Ayala et al., 
2016(479)* 
 
Cardio metabolic risk Saunders et al., 2013(477)  Carson et al., 2011(476) 
Bailey et al., 2017(473) 
Saunders et al., 2013(478)* 
 
       
 Fitness Júdice et al., 2017(475)    1/1 studies showed favourable associations for fitness 
measures 
 
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 130 
0 studies showed favourable associations for fitness 
measures 
       
 EE Saunders et al., 2014(468)* 
Contardo-Ayala et al., 
2018(469)* 
   2/2 studies showed favourable associations for energy 
expenditure 
 
0 studies showed favourable associations for energy 
expenditure 
 
Abbreviations: BMI=body mass index; WC=waist circumference; FMI=fat mass index; EE=energy expenditure 
References with an (*) are experimental studies; references without an (*) are observational studies. 
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Chapter 6: Association between Breaks in Sitting 
Time and Adiposity in Australian Toddlers: results 
from the Get-Up! Study 
(Published) 
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1 |  INTRODUCTION
Sedentary behavior is defined as any waking behavior with 
an energy expenditure of ≤1.5 METs while in a sitting or 
reclining posture.1 The detrimental effects of sedentary be-
havior in children and adolescents have been the focus of 
research in the past few years. Evidence suggests that the 
amount of time spent sedentary may be associated with ad-
verse health outcomes in school‐aged children.2,3 However, 
a recent systematic review on the associations between 
sedentary behavior and health indicators in the early years 
showed that total sedentary time may have a negligible im-
pact on health in this age group. Nevertheless, this review 
also suggested that the way sedentary time is spent may 
be important, with screen‐based and seated sedentary be-
haviors being more likely to have negative health effects, 
whereas interactive non‐screen based sedentary activities, 
such as reading and storytelling, more likely to have positive 
health and developmental effects. The authors also stated 
that it remains difficult to make recommendations concern-
ing “appropriate” amounts or patterning (eg, breaks) of total 
sedentary time.4
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Background: In youth, research on the health benefits of breaking up sitting time is 
inconsistent. Our aim was to explore the association between the number of breaks 
in sitting time and adiposity in Australian toddlers.
Methods: This study comprised 266 toddlers (52% boys), aged 19.6 ± 4.2 months 
from the GET‐UP! Study, Australia. Body mass index (BMI) was calculated and z‐
scores by age and sex were computed for waist circumference (WC). Participants 
were classified as overweight according to the WHO criteria for BMI. For WC, par-
ticipants with a z‐score≥1SD were considered overweight. Sitting time was assessed 
with activPALs during childcare hours and participants were classified by tertiles of 
the number of breaks/h in sitting time: <26 breaks/h; 26‐39 breaks/h, and >39 
breaks/h. Logistic regression assessed odds ratios for non‐overweight (BMI or waist 
circumference categories) by number of breaks in sitting time/h, controlling for age, 
sex, and socioeconomic status.
Results: The number of breaks in sitting time significantly predicted a lower weight 
status (non‐overweight) according to WC values (P for trend = 0.032) after 
adjustments.
Conclusions: Breaking up sitting time was positively associated with toddlers’ waist 
circumference. Future studies are needed to determine whether breaking up sitting 
time is a protective for cardiometabolic health in toddlers.
K E Y W O R D S
obesity, physical activity, sedentary behavior, youth
SOUSA‐SÁ et Al.2 |   
Sitting time is defined as a type of sedentary behavior 
characterized by a position in which one’s weight is supported 
by one’s buttocks rather than one’s feet, and in which one’s 
back is upright. It can be divided into two different types: 
active sitting (any waking activity in a sitting posture char-
acterized by an energy expenditure >1.5 METs) and passive 
sitting (any waking activity in a sitting posture characterized 
by an energy expenditure ≤1.5 METs).1 Recently, the terms 
“breakers” and “prolongers” have also been suggested to dis-
tinguish between those who accumulate sitting time with fre-
quent interruptions from those who accumulate sitting time 
in prolonged and continuous periods, respectively.1 In adults, 
studies have shown that frequent breaking of prolonged sit-
ting, with short bouts of light‐ or moderate‐intensity walking 
can improve cardiovascular health5-7; and may have signifi-
cant independent effects on all‐cause mortality.8-10
In children and adolescents, research on the health ben-
efits of breaking up sitting time has only recently emerged 
and produced, so far, inconsistent results.11-14 Some studies 
have shown that breaking up sedentary time results in signif-
icant improvements on cardiometabolic outcomes,11,12,14,15 
lower waist circumference,16 and lower BMI.17 For example, 
in Canadian boys, aged 11‐14 years, an increased number of 
breaks in sedentary time was associated with lower waist cir-
cumference.16 Altogether, these findings suggest that there 
is some evidence advocating that breaking up sitting time 
may be a strategy to consider in the prevention of obesity in 
children and adolescents, as it is known that many of the life-
style habits begin to be established at this age and it is known 
that sedentary behaviors track throughout life.18,19 Moreover, 
most of the research in early childhood has focused on the 
television viewing as a proxy for sedentary time and stud-
ies with objectively measured sedentary time within this age 
group are scarce.
Therefore, investigating the association between breaks 
in sitting time and cardiometabolic health outcomes across 
multiple age groups, namely in young children is warranted. 
To the best of our knowledge, no studies examining the as-
sociations between breaking up sitting time (as measured 
objectively with accelerometry) and cardiometabolic health 
outcomes have yet been conducted in toddlers. Thus, the 
aim of this study was to explore if the number of breaks 
in sitting time was associated with adiposity in Australian 
toddlers.
2 |  MATERIALS AND METHODS
2.1 | Study design
This was a cross‐sectional analysis using baseline data from 
the Get‐Up! Study. The rationale and protocol of the GET‐
UP! Study can be found elsewhere.20 Briefly, the Get‐Up! 
Study is a 12‐months 2‐arm parallel group cluster randomized 
controlled trial that aimed to assess the effects of reduced sit-
ting time on toddlers’ cognitive development.
2.2 | Participants and protocol
This study included 30 Early Childhood Education and Care 
(ECEC) services from the Illawarra region in New South 
Wales (NSW), Australia. Data were collected between March 
and August 2016. Prior to data collection, informed written 
consents were obtained from children’s parents or guardians. 
Apparently healthy toddlers, aged 11‐29 months, were eligi-
ble to participate if they attended the ECEC service, at least 
twice a week.
The study was approved by the University of Wollongong’s 
Human Research Ethics Committee (HE15/236) and con-
ducted according to the Helsinki Declaration for Human 
Studies.21
Three hundred and thirty five children aged 15‐24 months 
(19.6 ± 4.2) were assessed at baseline of study. Of those, a 
total of 266 children (79%), had a complete data on the vari-
ables of interest for the present report (52% boys). All chil-
dren were apparently healthy and independent walkers.
2.3 | Measures
2.3.1 | Anthropometrics
Height, weight, and waist circumference were assessed fol-
lowing standard procedures.22 Height was measured to the 
nearest 0.1 cm in bare or stocking feet while the child stood 
upright against a portable stadiometer (Seca 254 Hamburg, 
Germany). Weight was measured to the nearest 0.1 kg, 
lightly dressed (without diapers and shoes), using a portable 
electronic weight scale (Seca 254 Hamburg, Germany).
Body Mass Index (BMI) was calculated as weight (kg)/
height(m)2 Participants were classified as underweight, 
normal weight, overweight, or obese, according to the 
World Health Organization age and sex‐specific criteria.23 
Participants were then divided into two groups: non‐over-
weight (including the underweight and normal weight chil-
dren) and overweight (including the overweight and obese 
children), due to the small amount of underweight and obese 
children.
Waist circumference was measured with a non‐elastic tape 
at the top of the iliac crest.24 Waist circumference z‐scores 
(z = (score‐mean)/standard deviation) by age and sex were 
calculated and participants were then classified as non‐over-
weight (<1 SD of the z‐score) and overweight (≥1 standard 
deviation of the z‐score).
All measures were taken twice by specialized research as-
sistants and PhD students with previous experience in data 
gathering in this age group and that had received specific 
training for this data collection.
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2.3.2 | Sitting time
Total time spent sitting during childcare hours was assessed 
during a one‐week period with an ActivPAL devices.25 This 
device was placed on the front of the upper right thigh, allow-
ing to measure different postures (lying, sitting, and stand-
ing). ActivPAL accelerometer validation criteria for sitting 
time measures, as well as for interruptions in sedentary be-
havior, have been established for young children.25
Early childhood educators were given a log sheet to re-
cord each child’s activPAL on and off times, which was 
used to cross‐reference non‐wear time and to manually 
eliminate non‐wear time data. After the monitors were col-
lected, data were downloaded and analyzed using activPAL 
software (v7.2.32). Fifteen‐second epoch files were used 
to calculate the different postures and non‐wear time for 
each participant, per day.26 Sequences of consecutive zero 
counts ≥20 minutes were considered as non‐wear time and 
excluded from analyses. Naps taken while wearing the ac-
tivPAL were removed from the analysis and considered 
as non‐wear time. Participants needed to have, at least, 
≥1 hour of wear time on ≥3 days to be considered valid and, 
therefore, included in the analyses.27,28 Sensitivity analysis 
was performed including only those children (n = 233) who 
had, at least, 50% of their waking hours of childcare moni-
tored (ie, at least 2 hours of wear time during waking hours) 
and results remained the same (please see Tables S1 and 
S2). Therefore, we decided to include all children in the 
main analysis.
Breaks in sitting time were defined as any change in pos-
ture from sitting/lying to standing. The total number of breaks 
in sitting time were summed and divided by activPal wak-
ing wear time. Participants were divided into three groups 
by tertiles of the number of breaks/h in sitting time: tertile 
1 (<26 breaks/h), tertile 2 (26 to 39 breaks/h), and tertile 3 
(>39 breaks/h).
2.3.3 | Socioeconomic status
Family socioeconomic status was assessed using the Australian 
Socio‐Economic Indexes for Areas 2011 (SEIFA—Index 
of Relative Socio‐Economic Disadvantage).29 The SEIFA 
index ranges from 1 (most disadvantaged), to 10 (least dis-
advantaged), and is based on the postcode. Participants were 
divided into three categories: low socioeconomic status 
(deciles 1‐3), middle socioeconomic status (deciles 4‐6), and 
high socioeconomic status (deciles 7‐10).
2.4 | Data analysis
IBM SPSS®, version 25.0 (SPSS Inc, Chicago, IL, USA) was 
used for data analyses. Descriptive analyses were presented 
as mean ± standard deviation (SD). Two‐tailed student’s t 
test or Mann‐Whitney U test were performed to examine dif-
ferences between boys and girls for continuous variables.
Logistic regression models assessed odd ratios (OR) for 
non‐overweight (BMI or waist circumference categories) 
from tertiles of number of breaks in sitting time. In the ad-
justed models, covariates included age, sex, and socioeco-
nomic status.
3 |  RESULTS
Descriptive characteristics of the sample are reported in 
Table 1. In our sample, based on BMI values and according 
to the WHO criteria, 20.1% were overweight and 3.9% were 
obese, with no differences between boys and girls (P > 0.05). 
There were no significant differences between boys and girls 
for BMI, waist circumference, or breaks in sitting time.
Logistic regression results predicting non‐overweight are 
shown in Tables 2 and 3. The number of breaks in sitting time 
was not a significant predictor of non‐overweight (BMI), 
T A B L E  1  Participants characteristics
All (n = 266) 
Mean
All (n = 266) 
SD
Girls (n = 128) 
Mean
Girls (n = 128) 
SD
Boys (n = 138) 
Mean
Boys (n = 138) 
SD P valuea
Age (mo) 19.6 4.2 19.6 4.1 19.7 4.3 0.843
Body mass index 
(kg/m2)




47.8 3.8 47.6 3.9 48.0 3.6 0.400
Breaks in sitting 
time per hour
32.7 15.7 31.4 14.6 33.8 16.6 0.198
Weight status
Overweight (%) 20.1 21.9 18.8 0.825
Obesity (%) 3.9 4.7 5.1
aTwo‐tailed Student’s t test for continuous variables, weight status, and chi‐square test for categorical variables. 
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after adjustment for confounders, P for trend = 0.065 (Table 
2). Whereas for waist circumference, the number of breaks 
in sitting time was a significant predictor of a lower weight 
status—non‐overweight according to waist circumference (P 
for trend = 0.032) after adjustment for confounders (Table 3).
4 |  DISCUSSION
Our results show that the number of breaks in sitting time was 
significantly associated with non‐overweight status accord-
ing to the waist circumference values (P for trend = 0.032), 
after adjustments for age, gender, and socioeconomic status.
Our results are in agreement with other studies with older 
children and adolescents, where a beneficial association be-
tween breaks in sitting time and adiposity was found. For ex-
ample, in a cross‐sectional study with Canadian children with 
parental history of obesity, aged 8‐11 years old, Saunders et 
al11 found that greater fragmentation of sedentary time (ie, 
more breaks in sedentary time) was associated with lower 
BMI z‐scores. Similarly, Colley et al16 found that an increased 
number of breaks in sedentary time, accumulated after 3 PM 
on weekdays, was associated with lower waist circumference, 
in Canadian boys, aged 11‐14 years. However, a recent lon-
gitudinal study in English children aged 6‐15 years, showed 
that changes in sedentary time fragmentation (eg, breaks in 
sedentary time) were not associated with changes in adipos-
ity indicators, such as BMI and fat mass index, over a 8‐year 
follow‐up, from childhood to adolescence.17
Although our results seemed to agree with other studies in 
older children and adolescents, differences in studies meth-
odologies, such as the use of different adiposity indicators, 
different devices, and sedentary behavior cut‐points, as well 
as, different wear time criteria,30 should be taken into consid-
eration. Direct comparisons should, therefore, be done with 
caution.
Several mechanisms can be proposed to explain the bene-
ficial association between breaks in sedentary time and over-
weight/obesity levels in the present study. A study with adults 
has showed that energy expenditure increases from sitting 
to standing (0.34 kcal/min) and that there is a substantially 
higher metabolic and energy cost for the sit to stand transition 
when compared with being either sitting and or standing, in 
both normal weight and overweight/obese men and women. 
Also important to notice, is that in the above‐mentioned study, 
the metabolic and energy cost responses of the three postural 
conditions were independent of body composition and sex.31 
Indeed, during postural change, several complex physiolog-
ical processes are undertaken to regulate the body’s cardio-
vascular and musculo‐skeletal responses.31 Likewise, studies 
T A B L E  2  Logistic regression of BMI and number of breaks per hour in sitting time
Variable
Non‐overweight
Unadjusted model Adjusted modela
OR P value 95% CI OR P value 95% CI
Number of breaks per hour in sitting time by tertile
TERTILE 1 (ref.) <26 breaks/h ref. 0.052 (P for 
trend)
ref. 0.065 (P for 
trend)
TERTILE 2 Between 26 and 39 
breaks/h
2.295 0.02 1.141; 4.617 2.283 0.023 1.118; 4.663
TERTILE 3 >39 breaks/h 1.724 0.104 0.894; 3.327 1.678 0.136 0.850; 3.314
aAdjusted for socio‐economic status, gender, and age. Bold values indicate p <0.05. 
T A B L E  3  Logistic regression of waist circumference and number of breaks per hour in sitting time
Variable
Non‐overweight
Unadjusted Model Adjusted Modela
OR P value 95% CI OR P value 95% CI
Number of breaks per hour in sitting time by tertile
TERTILE 1 (ref.) <26 breaks/h ref. 0.03 (P for trend) ref. 0.032 (P for trend)
TERTILE 2 Between 26 and 
39 breaks/h
1.848 0.106 0.878; 3.893 1.835 0.115 0.863; 3.9
TERTILE 3 >39 breaks/h 2.875 0.011 1.277; 6.475 2.931 0.011 1.279; 6.715
aAdjusted for socio‐economic status, gender, and age. Bold values indicate p <0.05. 
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in rats have shown that muscles responsible for postural sup-
port (ie, deep quadriceps) rapidly lose more than 75% of their 
capacity to siphon off the fat circulating in the lipoproteins 
from the bloodstream, when incidental contractile activity is 
reduced. This is due to a 90%‐95% suppression of the lipopro-
tein lipase (LPL) activity locally in the most oxidative skele-
tal muscles in the legs. One parallel consequence of this was 
an abnormally rapid and clinically relevant decrease in high 
density lipoproteins (HDL) cholesterol.32 The scarce current 
evidence indicates that inactivity rapidly engages signals for 
specific molecular responses contributing to poor lipid me-
tabolism by suppression of skeletal muscle LPL activity.33
If standing up from a chair requires more skeletal muscle 
fiber recruitment and consequently contraction than stand-
ing,31,33 it is reasonable to assume that postural allocation 
can play an important role in human weight balance. Also, 
the cumulative number of the thousands of daily muscular 
contractions during non‐exercise activity (which are typically 
of young children’s movement patterns) may involve a larger 
energy demand than a period of continuous exercise.33
In our study, the number of breaks in sitting time was 
quite high (32.7 ± 15.7), and as expected, higher than in 
older children.34 This is most likely due to very internment 
movement pattern observed in young children.35 Our findings 
also showed no significant differences in number of breaks 
in sitting time between boys and girls, which is in agreement 
with a previous study.36
We cannot leave aside the idea that the present findings 
might be the result of the behaviors children engage in while 
at childcare centers, as in our study, movement patterns were 
collected during childcare hours. As Zhang et al37 found in 
a recent systematic review, poorer active environments, in-
creased sedentary opportunities, not enough time for active 
play, overweight or obese educators, and educators with 
habitual low levels of physical activity were all correlated 
to preschoolers’ increased likelihood of being overweight. 
Therefore, time spent at childcare, built environment features 
at the childcare center and the type of activities proposed by 
the educators may need to be rethought, to provide young 
children with a healthier conductive environment.
The strengths of our study include the use of objective 
measures of sitting time (activPal devices), which are valid 
and reliable devices to assess movement in this young age, 
and the novelty of the analysis in a very young and relatively 
large group of children. However, our study is not without 
limitations. As it was cross‐sectional in nature, it precludes 
the determination of causality. Also, the activPal was only 
worn during childcare hours, due to the very young age of 
our sample. This happened because the use of the monitor 
at home would be very difficult in terms of logistics, since 
activPals need to be stuck on the child’s tight and removed for 
water‐based activities. Wearing the device outside childcare 
hours would impose a considerable burden on the parents.
5 |  CONCLUSIONS AND 
PERSPECTIVES
The results of the present study show that an increased num-
ber of breaks in sitting time were significantly associated with 
non‐overweight status, as measured by waist circumference, in 
Australian toddlers. Our results also suggest that future stud-
ies should try to determine if breaking up sitting time is pro-
tective for cardiometabolic health in toddlers. Moreover, and 
because the newest Australian 24‐hours movement guidelines 
for the early years38-40 do not mention specific measures for 
breaks in sitting time, the information provided by our study 
might be helpful to inform future updates of the guidelines.
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Table S1. Logistic regression of BMI and number of breaks per hour in sitting time. 
 Non-overweight 
Variable  Unadjusted Model Adjusted Model * 
  OR p value 95% CI OR p value 95% CI 
Number of breaks 
per hour in sitting 
time by tertile 
       




0.034 (p for 
trend) 
 ref. 






















* Adjusted for socio-economic status, gender and age. 
 
 
Table S2. Logistic regression of waist circumference and number of breaks per hour in sitting time. 
 Non-overweight 
Variable  Unadjusted Model Adjusted Model * 
  OR p value 95% CI OR p value 95% CI 
Number of breaks 
per hour in sitting 
time by tertile 
       




0.041 (p for 
trend) 
 ref. 






















* Adjusted for socio-economic status, gender and age. 
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Aim: Since elevated blood pressure (BP) in childhood is strongly associated with overweight 
and is a risk factor for later cardiovascular disease, a need to comprehend the early development 
of BP and its association with overweight is needed. We assessed differences of blood pressure 
by weight status in Australian toddlers. 
Methods: From the Get-Up! Study in Australia, this sample included 265 toddlers (136 boys), 
aged 19.6±4.2 months. Blood pressure was measured with a digital vital signs monitor. 
Participants were categorized as non-overweight and overweight according to the World Health 
Organization definition for body mass index. Physical activity was captured with activPAL 
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accelerometers, during childcare hours. To test differences in BP between non-overweight and 
overweight children, we performed an ANCOVA adjusting for sex, age, physical activity and 
socio-economic status. 
Results: In the adjusted models, higher values of systolic and diastolic BP z-scores were shown 
in overweight children compared to non-overweights (p>0.05 for all). 
Conclusions: No associations between adiposity and BP levels were found in this sample. 
However, establishing healthy lifestyles early in life, including physical activity, seems 
important to maintain healthy blood pressure levels. 
 
Key words: obesity, hypertension, physical activity, youth. 
Abbreviations:  
BMI – Body Mass Index 
SEIFA – Socio-Economic Indexes for Areas 
ANCOVA – Analysis of Covariance 
SD – Standard Deviation 
 
BACKGROUND 
Hypertension is a significant cardiovascular disease (CVD) risk factor (132) known to be 
established early in life (6). Regardless of CVD events often occur only during or after the fifth 
decade of life, pathophysiological and epidemiological evidence suggests that hypertension and 
the precursors of CVD initiate during childhood (147). The early onset of overweight 
trajectories has been associated with high blood pressure (BP) in late adolescence, in both boys 
and girls (156). Additionally, some studies have shown that obesity is a key determinant to 
elevated BP during childhood and that weight reductions may have beneficial effects on BP, 
later in life (158). As obesity seems to be associated with high BP across all ages (485), it was 
frequently presumed in the last decades, that prevalence of hypertension had increased in youth 
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(126). However, such trends have not been observed in all populations (486). Nevertheless, 
given the increase in the prevalence of overweight children in the last decades (126, 183, 485), 
the strong association between being overweight and high BP levels, as well as the hazards of 
having high BP during childhood, in later CVD (486), a better understanding of BP’s early 
development and its relationship with overweight is necessary. 
Data on the relationship between body mass index (BMI), waist circumference and BP in 
toddlers is limited (129, 158, 381, 382). The most recent study assessed 3186 children, aged 1 
to 6 years, and found that mean systolic BP increased with BMI percentiles, but significant 
associations were not found with diastolic BP (381). Falkner et al. (382) showed that, based on 
BMI percentiles, overweight children, aged 2 to 5 years, had significantly higher mean diastolic 
and systolic BP values than those with normal weight. A Chinese study (1322 children, aged 
0.1 to 6.9 years) showed that in obese children, an increase of one BMI unit was associated 
with, on average, an increase of 0.56 to 0.54 mmHg in systolic and diastolic BP, respectively 
(158). A study with 2876 Australian children, aged 1 to 6 years, showed that per unit increase 
in BMI there was an increase in systolic and diastolic BP, at ages 1 and 3 years old (129). A 
limitation of these studies was that physical activity was not assessed and, therefore, statistical 
analyses did not account for this important variable. Indeed, it has been shown that low levels 
of physical activity are associated with the likelihood of being overweight and having high BP, 
in paediatric populations (28, 487). 
In this context, this study aimed to assess differences of blood pressure by weight status 
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Baseline data from the Get-Up! Study was analysed. This study rationale and protocol 
can be found elsewhere (383). The Get-Up! Study is a 12-months 2-arm parallel group cluster 
randomized controlled trial assessing the effects of reduced sitting time on toddlers’ cognitive 
development.  
 
Participants and protocol 
The study included 335 healthy toddlers, aged between 11 and 29 months, from NSW, 
Australia. It was approved by the University of Wollongong’s Human Research Ethics 
Committee (HE15/236) and conducted according to the Helsinki Declaration for Human 
Studies. Informed written consents were gathered from the children’s parents or guardians, 
before collecting data (between March and August 2016).  
A total of 265 toddlers (79.1%), aged 15 to 24 months (19.6±4.2 months) had complete 




Height, weight and waist circumference were measured through standard procedures 
(488). Height was assessed to the nearest 0.1 cm with the child in bare or stocking feet, standing 
straight against a portable stadiometer (Seca 254 Hamburg, Germany). Weight was assessed to 
the nearest 0.1 kg, lightly dressed (without diapers), with a portable electronic weight scale 
(Seca 254 Hamburg, Germany). BMI was calculated as weight (kg)/height(m)2. Children were 
categorized as underweight, normal weight, overweight or obese according to the World Health 
Organization age and sex specific criteria (489) and divided into two groups: non-overweight 
(underweight and normal weight children) and overweight (overweight and obese children), 
due to the small number of underweight and obese children. 
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Waist circumference was assessed at the top of the iliac crest with a non-elastic tape and 
z-scores (z = (score-mean)/standard deviation) were calculated by age and sex, with participants 
being classified as non-overweight (<1standard deviation of the z-score) and overweight (≥1 
standard deviation of the z-score). 
 
Blood Pressure 
A digital vital signs monitor (WelchAllyn PROBP 3400 series, Skaneateles Falls, NY: 
USA), which has been previously validated for this population (490), was used to assess BP in 
a quiet room, between 7 and 9 a.m.  Assessments were taken from the right arm with a suitable 
cuff size (117) with the participant in a sitting position. Two measurements were taken after 5 
and 10 min of rest. Additional details on the assessment of outcomes of interest are elsewhere 




The Australian Socio-Economic Indexes for Areas 2011 (SEIFA – Index of Relative 
Socio-Economic Disadvantage) (491) was used to assess family socio-economic status. SEIFA 
index starts from 1 (most disadvantaged), ends on 10 (least disadvantaged) and is based on the 
postcode. Participants were divided into 3 categories: low socio-economic status (deciles 1-3), 
middle socio-economic status (deciles 4-6) and high socio-economic status (deciles 7-10). 
 
Physical activity and sitting time 
Time spent in physical activity (stepping) and sitting were captured over a 1-week period 
during childcare hours, with an activPAL accelerometer. This device is a lightweight and small 
monitor, placed on the front of the upper thigh, which assess different postures (sitting, 
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standing, lying). Concurrent and criterion validity of the activPAL for sitting time have been 
established for young children (492). A log sheet to record each child’s activPAL on and off 
times was given to educators, which was used to cross-reference non-wear time and to manually 
eliminate non-wear time data. After collecting the monitors, data were downloaded and entered 
using activPAL software (v7.2.32). Fifteen-second epoch files were used to calculate the 
different postures and non-wear time for each participant, per day. Sequences of consecutive 
zero counts ≥20 minutes were deemed non-wear time and excluded from analyses. Naps taken 
while wearing activPAL were defined as non-wear time. To be considered valid data and 
included in the analyses, participants had to have at least ≥1 hour of wear time, on ≥3 days. 
 
Statistical analysis 
IBM SPSS®, version 24.0 (SPSS Inc., Chicago, IL, USA) was used for data analyses. 
Descriptive analyses were presented as mean ± standard deviation (SD). Two-tailed student’s 
t-test or Mann-Whitney U-test were performed to examine differences between boys and girls 
for continuous variables. Two-tailed student’s t-test and Analysis of Covariance (ANCOVA) 
were conducted to compare and to test differences, respectively, in BP variables between non-
overweight and overweight children (BMI and waist circumference groups). 
ANCOVA models were adjusted for socio-economic status, physical activity (minutes of 
stepping per hour of monitor wear time), sex and age. The significance level for all tests was 
set at p<0.05. 
 
RESULTS 
Participants’ characteristics are depicted in table 1. In this sample, 0.4% was underweight, 
19.8% was overweight and 5% was obese. Boys had, on average, more minutes of stepping per 
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hour than girls (p=0.004). No significant differences were found for BMI, waist circumference 
and BP between boys and girls.  
Insert table 1 here 
Figures 1 and 2 and supplementary table S1 show the results of the t-test and ANCOVA 
for BMI and waist circumference and BP values.  
T-test results showed significant differences between BMI or waist circumference groups 
on z-systolic BP levels, with the overweight groups showing higher z-systolic BP values 
(p=0.042 for BMI and p=0.023 for waist circumference). No differences were found for z-
diastolic BP levels, between BMI groups.  
ANCOVA results showed no significant differences between BMI or waist circumference 
groups on z-systolic BP or z-diastolic BP levels (p>0.05 for all) – table S1. 
Insert figures 1 and 2 here 
 
DISCUSSION 
After adjustments for potential confounders (socio-economic status, physical activity, sex 
and age), there were no significant differences in BP variables between BMI and waist 
circumference groups. Despite the lack of significance, overweight children (classified by BMI 
or by waist circumference) showed higher values of systolic and diastolic BP z-scores then non-
overweight children. Our results are, therefore, comparable to previous studies. For example, 
an Australian study with 2,876 children aged 1-6 years, found that per unit increase in BMI 
there was also an increase in BP; an average of 1.4 mmHg  and 0.7 mmHg for systolic and 
diastolic BP increase, respectively (129). This was also seen in a Chinese study comprising 
1,322 children aged 0.1-6.9 years (158). The authors showed that 19.4% of the obese children 
had hypertension. Likewise, an American study with 18,618 children aged 2-19 years, showed 
that higher BMIs were positively associated with BP in toddlers and pre-schoolers (382).  
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Ataei et al. (381), in a study with 3,186 Iranian children aged 1-6 years, found evidence 
that increasing BMI is associated with increased systolic BP but no association was found with 
diastolic BP, which is similar to our results found in the unadjusted models.  
A recent study showed that greater weight gains, particularly between the ages of 12 to 
24 and 24 to 36 months, were associated with higher BP at the age of 3 years (493). However, 
another investigation found that stronger effect sizes for weight gain at later ages, occur closer 
to the age of 5 (494). Considering these findings, as the age of our sample falls between 15 to 
24 months and the cross-sectional nature of our analysis, this sample might be too young to 
show any significant predictive differences for elevated BP, at this stage. Nevertheless, the 
cumulative effects over time of higher levels of adiposity in our sample might be an important 
predictor for the future development of high BP.  
Nowson and colleagues found that greater gains in abdominal circumference between 0–
6 and 24–36 months were associated with higher BP at 36 months (p<0.001) (493). Unlike 
BMI, waist circumference can provide better information on the patterns of fat distribution, 
particularly abdominal obesity (449). Waist circumference is, therefore, important for 
metabolic risk stratification. Indeed, fat distribution as a risk factor for elevated BP is well-
documented, for central and peripheral fat (495). Undeniably, central adiposity has a stronger 
role than total adiposity in the development of paediatric hypertension. This is supported by 
several studies suggesting that waist circumference is a superior and more reliable predictor of 
BP when compared to BMI, among both normal weight and overweight children (447, 449, 
496, 497). 
Nevertheless, the relationship between central fat deposition with BP is not yet clear, in 
very young children (381). Some data indicated that rapid abdominal weight gain during 
infancy (0–6 months), but not during early childhood (3–6 years), was associated with a higher 
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metabolic risk score at age 17 years, but the association between waist circumference and BP 
was not statistically significant (498).  
However, results regarding waist circumference in very young children should be viewed 
with caution as, unlike what happens with adolescents, abdominal circumference tends to 
decrease between the ages of 24 and 36 months (493). Thereby, increases in waist 
circumference during this period might be considered as an early marker for metabolic risk in 
later life, particularly if the effect of abdominal circumference increments amplifies the BP 
levels as age goes by (493). Indeed, it was expected to fail in finding significant associations 
between weight status and BP in our sample of healthy toddlers, as the deleterious effect of 
excess of adiposity on BP is likely to manifest over time, as children get older.  
Although we did not find significant results, it is important to monitor BP levels and its 
relationship with weight early in life, as both weight and BP are known to track over life. The 
relationship between BP and cardiovascular risk is continuous, consistent, and independent of 
other risk factors (130). Growing data shows that constant elevated BP in children leads to 
cardiovascular alterations (167), tracking from childhood through adolescence and into 
adulthood (167), in close association with weight (499), weight gain between 1 and 5 years 
(500) and 2 to 4 years of age (501). This BP tracking is the most important argument for 
concerning with elevated BP early in life (161), therefore, prevention and treatment of elevated 
BP early in life can result in a lifelong reduction of BP and of its associated conditions.  
In overweight adolescents, a decrease in BP levels can be achieved by reducing weight 
status (164, 502), which presents as a reason why early screening of BP should be performed 
(167), together with adiposity and physical activity levels, to aid in preventing cardiovascular 
diseases later in life. Indeed, most of the studies found in toddlers did not assess physical 
activity and, therefore, the statistical analysis of those studies was not adjusted for this variable 
(129, 158, 381, 382). Physical activity is well recognized as a preventive method for weight 
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gain and high BP, in young children (27). Thus, our study makes an important contribute by 
adding physical activity to the confounding variables, as well as, assessing it objectively. 
In summary, although the lack of statistical significance in our study, our results show 
that children with higher levels of adiposity (BMI and waist circumference) exhibit higher 
levels of BP. However, after adjustments for potential confounders, including physical activity, 
there was no significant association between weight status and BP. Additional longitudinal 
studies looking at the association between adiposity and BP in toddlers, might increase our 
understanding on how these two variables are connected and influence cardiovascular health 
later in life. Additional research is needed to determine which environmental and genetic factors 
might contribute to paediatric hypertension, particularly among toddlers.  
Also important are the specific cut-off values for BP, as no outcome-based definition of 
hypertension in children is available. Instead, the most commonly used cut-off values for 
defining elevated BP are based on BP percentiles specific for sex, age, and height determined 
in American children, in the 1970s and 1980s, before the obesity epidemic (503). It could be 
argued that cut-off BP values to assess hypertension among children should be based on 
distributions found in the target populations; for example, in view of possibly higher systolic 
BP among European than US children (504). Such cut-off values have been proposed for 
children in Italy and in the UK but not for Australia. For this reason, we chose to use BP z-
scores in our analysis.  
Strengths of our study include the unique young age of the participants and the use of 
valid and reliable tools to assess weight status, BP and physical activity. It is argued that BMI 
may not be the more accurate tool to assess adiposity because it does not distinguish between 
fat and fat-free mass; however, it is widely used in paediatric research as a marker of adiposity 
(505, 506). We used an oscillometric device to assess BP as they offer several advantages over 
auscultation. They correlate closely with intra-arterial pressures and the mean error is smaller 
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than with the auscultatory method (507). Not just BMI but also one other measure of adiposity 
was used (waist circumference), better indicating fat distribution than BMI. Also, physical 
activity was assessed objectively.  
Limitations to consider include the cross-sectional design, which prevents us to establish 
causality and the fact that we did not contemplate other potential confounders in our analysis, 
such as dietary intake, which would clarify the associations we observed. Also, at this young 
age, abdominal circumference may only represent a gross measure of central fat deposition and 
differences between individuals may represent genetically determined differences in physique. 
Moreover, ethnicity/race of our sample was mostly constituted by European-American and non-
Hispanic white children, in whom hypertension is less common, less severe and develops at 
later ages than in age-matched African Americans (508), making our sample not nationally 
representative and, thus, our results may not be generalizable to the Australian population. 
Although we assessed BP twice, this measure remains subject to variability originating 
from stress and personality factors and this may create measurement bias. On average, it is 
anticipated that BP will decline towards a “true” resting value, as the children become more 
familiar and less anxious with the procedure (509).  
Our findings suggest that excess of adiposity may not be detrimental for BP levels at a 
very young age. However, establishing healthy lifestyles early in life, including physical 
activity, seems important to maintain healthy BP levels. 
From a public health perspective, it is important to screen BP levels, adiposity and the 
adoption of healthy lifestyles from a young age, since these tend to track throughout life.  
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Table 1. Participants characteristics. 
 All (n=268) Girls (n=129) Boys (n=139) 
p valuea 
 Mean ± SD Mean ± SD Mean ± SD 
Age (months) 19.6 ± 4.2 19.6 ± 4.1 19.7 ± 4.3 0.843 
Body Mass Index (kg/m2) 17.9 ± 1.7 17.8 ± 1.8 17.9 ± 1.7 0.570 
Waist circumference (cm) 47.8 ± 3.6 47.6 ± 3.8 48.0 ± 3.5 0.192 
Systolic Blood Pressure (mmHg) 104.4 ± 9.9 104.2 ± 10.2 104.6 ± 9.6 0.747 
Diastolic Blood Pressure (mmHg) 68.3 ± 7.8 68.5 ± 7.3 68.1 ± 8.4 0.727 
Physical Activity - Stepping (min/hour of 
monitor wear time) 
13.3 ± 5.8 12.2 ± 5.3 14.2 ± 6.0 0.004 
a Two-tailed Student’s t-test (BMI, waist circumference and physical activity) or Mann-Whitney test (age, systolic blood 
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Figure 2. ANCOVA for systolic (a) and diastolic (b) blood pressure and waist circumferences z-scores categories 
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Table S1. Differences in systolic blood pressure and diastolic blood pressure between non-overweight and 
overweight children. 
Variable  t-test ANCOVAa 
Systolic BP 
z-scores 
BMI Mean ± SE F and p values Mean ± SE F and p values 
 Non-overweight -0.07 ± 0.07 T= 4.182 -0.06 ± 0.07 F= 1.592 
 Overweight 0.18 ± 0.1 0.042 0.20 ± 0.12 0.058 
Diastolic BP 
z-scores 
     
 Non-overweight -0.04 ± 0.06 T= 1.263 -0.03 ± 0.14 F= 0.244 
 Overweight 0.10 ± 0.1 0.262 0.04 ± 0.14 0.622 
      






Mean ± SE F and p values Mean ± SE F and p values 
 <1 SD -0.06 ± 0.06 T= 5.199 -0.04 ± 0.15 F= 2.498 
 ≥ 1 SD 0.26 ± 0.12 0.023 0.20 ± 0.15 0.115 
Diastolic BP 
z-scores 
     
 <1 SD -0.04 ± 0.06 T= 2.140 -0.02 ± 0.15 F= 0.209 
 ≥ 1 SD 0.17 ± 0.13 0.144 0.05 ± 0.15 0.648 
a Adjusted for socio-economic index, physical activity (stepping min/hour of wear time), gender and age. 
SE: Standard error  
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Background: pathophysiological and epidemiological data suggests that the genesis of 
hypertension and cardiovascular disease occurs during childhood. Sedentarism seems to be one 
of the main drivers of high blood pressure (BP) already in the first decades of life. However, 
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associations between breaking up sitting time and cardiovascular health in children are still 
poorly understood. We assessed the longitudinal associations between the time spent sitting and 
BP one year later, in Australian toddlers. 
Methods: this longitudinal study included 167 toddlers (86 boys), aged 19.5±3.9 months at 
baseline, from the GET‐UP! Study, Australia. BP was measured with a digital vital signs 
monitor and z-scores were computed by age and sex for systolic and diastolic BP. Sitting time 
was measured over a week with Actigraph (GT3X+ accelerometers) and participants were 
categorized into two groups (high percentage of sitting time and low percentage of sitting time). 
Multilevel linear regression models were used to assess regression coefficients and standard 
errors.  
Results: the percentage of time spent sitting over a 24-h period was not a significant predictor 
of systolic or diastolic BP (β=0.003, p=0.74 and β=0.004, p=0.65, respectively), over a 12-
month period, after adjustments for potential confounders. 
Conclusions: as the effects of cumulative sitting time over time on BP levels are likely to 




High blood pressure (BP), is the leading risk factor for cardiovascular diseases in adults 
(178, 510) and is known to be established early in life (6, 141) and to track into adulthood (7). 
Although the most common period for the occurrence of cardiovascular disease events is during 
or after the fifth decade of life, pathophysiological and epidemiological data suggests that the 
genesis of hypertension and cardiovascular disease occurs during childhood (147). 
Globally, high BP is estimated to cause 9.4 million annual deaths (178) with the number 
of adults with raised BP nearly doubling during the last four decades from 594 million in 1975 
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to 1.13 billion in 2015 (115). The prevalence of hypertension in children and adolescents is also 
high. Data from the NHANES showed that the prevalence of high BP increased from 12% in 
1988 to 16% in 2008 (511). Recent data also showed that high or borderline BP remained stable 
from 1999 to 2012, with 7.6% to 9.4% and 10.6% to 11%, respectively, among US children 
and adolescents (512).  
In children, prehypertension is defined as average systolic or diastolic BP levels greater 
than or equal to the 90th percentile but less than the 95th percentile; whereas hypertension is 
defined as average systolic and/or diastolic BP greater than or equal to the 95th percentile for 
sex, age and height, when measured on three or more occasions (121).  
Developments in technology and the social and built environments have increased human 
predisposition for sitting (348). In adults, prolonged sitting has been suggested to be an 
independent risk factor for all-cause and cardiovascular mortality (513), associated with an 
adverse cardiometabolic risk profile (514), including elevated BP (515). Also, an increased risk 
of developing cardiovascular disease has been observed with high volumes of sitting time, 
especially sitting time accumulated in prolonged and continuous periods of the day (36, 353, 
354) and that reducing sitting time noticeably improved diastolic BP (516). Also, interrupting 
sustained periods of sitting with regular bouts of walking of at least, light intensity seems to 
improve cardiovascular health (36, 37, 355, 356).  
In children, research on the relationship between breaking up sitting time and 
cardiovascular health is scarce and inconsistent. An experimental study among children aged 
11 years, showed that between the intervention group (study while standing) and the control 
group (study while sitting), there was a significant difference on the diastolic BP’s mean 
change, favouring the intervention group (372). A recent study with Australian adolescents, 
also showed that reducing school day sitting time lead to significant improvements for 
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cardiovascular health, although the differences between the reduced sitting and typical school 
day for BP were small and not statistically significant (364, 517).  
To the best of our knowledge, no studies have yet analysed longitudinal associations 
between sitting time and BP in young children. This is important because raised BP and 
sedentary behaviours seem to be established early in life and track over the life course  (7, 26, 
270).  
We assessed the longitudinal associations between the percentage of time spent sitting 
over a 24-h period at baseline and BP one year later, in Australian toddlers.  
 
MATERIALS AND METHODS 
Study design 
This longitudinal analysis is part of the Get Up! Study. Rationale and protocol for this 
study can be found elsewhere (383). Briefly, the Get Up! Study is a 12-months 2-arm parallel 
group cluster randomized controlled trial, assessing the effects of reduced sitting time on 
toddlers’ cognitive development. 
 
Participants and protocol 
This study included 30 Early Childhood Education and Care (ECEC) services from 
Illawarra region in New South Wales (NSW). Baseline data collection occurred from March to 
August 2016 and follow-up data collection in February to July 2017. Apparently healthy 
toddlers, aged 11 to 29 months at baseline, were eligible to participate if they attended the ECEC 
service at least twice a week.  
The study was approved by the University of Wollongong’s Human Research Ethics 
Committee (HE15/236) and conducted according to the Helsinki Declaration for Human 
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Studies (518). Before data collection, informed written consents were obtained from children’s 
parents or guardians. 
Out of the 335 children enrolled in the baseline data collection, 243 were evaluated at 
follow-up. Of those, a total of 167 children (81 girls), aged 12 to 28 months at baseline 
(19.5±3.9 months), had complete data on both baseline and follow-up periods, on the variables 




Blood pressure was assessed at baseline and follow-up, with a digital vital signs monitor 
(WelchAllyn PROBP 3400 series, Skaneateles Falls, NY: USA), in a quiet room, between 7 
and 9 am.  Measurements were taken from the right arm using an appropriate cuff size (117, 
519, 520). Two measurements were taken after 5 and 10 min of rest, with the child in a sitting 
position.  




Sitting time over a usual week was assessed with Actigraph GT3X+ accelerometers, 
which have established validity and utility in toddlers (458, 521). Participants were asked to 
wear the accelerometer on the right hip, for 24 h/day over 7 consecutive days and 
parents/educators were asked to register, in an activity monitor log, the times that the 
accelerometer was removed, as well as the naps and night sleep hours. Data were collected 
using a sampling rate of 30Hz and then reintegrated into 15s epoch for analysis.  
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Through the accelerometer’s logs, participants’ data files were manually and visually 
screened to detect naps, night-time sleep periods and non-wear time. Participants had to have 
at least 1 day (i.e. one period of 24-h) with accelerometer data to be included in the analyses. 
After screening was completed, the raw activity ‘counts’ were processed to determine the time 
spent in sedentary behaviours. 
Accelerometer cut-points were used as follows: sedentary time <25 counts/15s; light 
physical activity (LPA) 25–420 counts/15s; moderate to vigorous physical activity (MVPA) 
>420 counts/15s (458). A bout of sedentary time was considered as a period of time in which 
the intensity was completely maintained at a level of less than <25 counts/15s, for one hour or 
longer. Accelerometer data were analysed using an automated data reduction program (ActiLife 
Software, version 6.12.1 for Windows). 
Participants were then divided into two groups: high percentage of sitting time and low 
percentage of sitting time, based on the average value, both at baseline and follow-up.  
 
Anthropometrics 
Height and weight were assessed following standard procedures (488), with a portable 
stadiometer and electronic scale (Seca 254 Hamburg, Germany). Participants were lightly 
dressed and without diapers and shoes, standing upright. Height was measured to the nearest 
0.1 cm and weight to the nearest 0.1 kg. Body Mass Index (BMI) was then calculated as weight 
(kg)/height (m)2. Waist circumference (WC) was measured with a non-elastic tape at the top of 
the iliac crest (522). 
All measures were taken twice by specialized research assistants and PhD students with 
previous experience in data gathering in this age group and that had received specific training 
for this data collection. 
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Socio-economic Status 
To assess family socio-economic status we used the Australian Socio-Economic Index 
for Areas 2011 (SEIFA – Index of Relative Socio-Economic Disadvantage) (491). This index 
ranges from 1 (most disadvantaged), to 10 (least disadvantaged), and is based on the postcode 
of the family home address.  
 
Data analysis 
Descriptive analyses were presented as mean ± standard error (SE). Sex differences 
were examined using repeated measures ANOVA. 
To address our aim of analysing the associations between the percentage of sedentary 
time over a 24-hour period at baseline (explanatory variable) and systolic or diastolic BP z-
scores at follow-up (dependent variable), a series of multilevel linear regression models were 
fitted to assess regression coefficients and standard errors.  
The multilevel linear regression models had three levels: level 3 – childcare centre, level 
2 – subject and level 1 – time. Models were constructed by adding the explanatory variable 
(percentage of sitting time over a 24-hour period) using a forward procedure of addition of the 
confounding variables (height, age, gender, group (intervention or control) and WC z-scores) 
and random slopes and intercepts for each variable. The final model only retained the variables 
that significantly improved the models, as tested by the differences of the -2loglikelihood ratio 
between models. The value of the likelihood ratio statistic, obtained from the two models’ 
likelihoods, was compared to a chi-squared distribution on 1 degree of freedom. The final model 
did not include random slopes or random intercepts (because this did not significantly improve 
the model) and included age, sex, height, group (control vs intervention) and waist 
circumference z-scores as covariates. Model fit was evaluated by checking the normality of the 
residuals of the models. Wald tests were used to test significance of each regression coefficient. 
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 164 
We decided to use the whole sample of the Get-Up Study for the present analysis 
because there were no intervention effects on the dependent variables and when we performed 
sensitivity analysis by rerunning the regression models using only the control group of the GET 
UP STUDY and the results remained (supplementary table 1). 
Descriptive analysis was conducted using IBM SPSS®, version 25.0 (SPSS Inc., 
Chicago, IL, USA) and MLwiN version 2.36 (Centre for Multilevel Modelling, University of 




Descriptive statistics for the variables relevant to the study are reported in Table 1.  
After adjustments for potential confounders, percentage of time spent sitting over a 24-h 
period was not a significant predictor of systolic or diastolic BP, over a 12-month period (table 




In this sample, the percentage of time spent sitting over a 24-h period, did not predict 
systolic and diastolic BP over a 12-month period in children aged 19.5±3.9 months, after 
adjustments for potential cofounders.  
To the best of our knowledge, this is the first study looking at longitudinal associations 
between time spent sitting and BP, in toddlers. Therefore, our results are only comparable to 
similar studies with different age samples. These findings are in line with the few studies 
examining similar associations in older children. Penning et al. (364), in a randomized cross-
over study looking at the acute effects of reducing total and prolonged bouts of sitting time 
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during an adolescents’ school day on cognitive function and cardiometabolic outcomes, also 
found no statistical significance between the reduced or typical school day and BP. Contardo-
Ayala et al. (372) found no significant intervention effects on BP, over an 8-month intervention 
period, in adolescents (11-12 years old). 
The potential reasons for the lack of associations between objectively measured 
sedentary time and blood pressure may be due to the very young age of our sample, as BP is 
known to steadily increase from infancy to late adolescence. The average systolic BP at 1 day 
of age is roughly 70 mmHg and increases to about 85 mmHg at 1 month of age (523). Systolic 
BP keeps increasing with physical growth, reaching 120 mmHg at the end of adolescence (511). 
Therefore, it may be that our participants were too young to show any deleterious effects of 
excessive sitting time accumulated over time on BP levels, which is more likely to manifest 
later, as children get older – during/after adolescence (372).  
Despite the lack of significance in our results it is important to investigate long-term 
effects of time spent sitting on BP levels (i.e., longer than 12 months) rather than infer them 
from short-term follow-up periods.   
 
Strengths and Limitations 
The design of this study should be considered a strength as it is the first longitudinal 
study investigating the associations between reduced sitting time and blood pressure overtime, 
on a school environment, in toddlers. The unique young age of the participants and the 
assessments of sitting time over a 24 h period with a valid and reliable objective measure are 
also strengths of this study. Nevertheless, as the current sample was not nationally 
representative, these results may not be generalizable to the Australian population. 
 
CONCLUSIONS 
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In the current study, the percentage of time spent sitting over a 24-h period, did not 
predict systolic and diastolic BP over a 12-month period, in toddlers. More studies with longer 
follow-ups are needed to confirm or rule out our results, as the effects of cumulative sitting time 
over time on BP levels are likely to manifest later in life.  
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Table 1. Descriptive characteristics of the sample 
Characteristics 









Mean ± SE Mean ± SE Mean ± SE Mean ± SE 
Age (months) 19.56 ± 0.42 19.4 ± 0.45 31.69 ± 0.40 31.85 ± 0.47 
Height (m) 0.83 ± 0.005 0.81 ± 0.006 0.94 ± 0.004 0.93 ± 0.005 
Weight (kg) 12.54 ± 0.17* 11.81 ± 0.19 15.05 ± 0.18 14.65 ± 0.2 
BMI (kg/m2) 18.24 ± 0.17 17.81 ± 0.17 17.05 ± 0.14 16.88 ± 0.14 
Waist circumference (cm) 48.15 ± 0.42 47.68 ± 0.38 50.4 ± 0.53 51.1 ± 0.39 
Percentage of sitting time over a 24-h 
period 
18.18 ± 0.48* 20.5 ± 0.44 21.9 ± 0.43 21.7 ± 0.54 
Systolic Blood Pressure (mm/Hg) 103.88 ± 1.02 103.57 ± 1.03 106.59 ± 1.12 105.03 ± 1.21 
Diastolic Blood Pressure (mm/Hg) 66.93 ± 0.88 68.95 ± 0.77 69.33 ± 0.91 68.7 ± 0.88 
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Table 2. Multilevel regression analysis 
 Regression coefficient 
β 
SE p value 
Diastolic BP    
Crude model 0.003 0.009 0.74 
Adjusted model* 0.004 0.009 0.654 
    
Systolic BP    
Crude model 0.003 0.009 0.74 
Adjusted model* 0.003 0.009 0.74 







Table S1. Associations between % of sitting time over a 24-h period and BP, including only the control group of 
the Get-Up! Study 
 Regression coefficient 
β 
SE p value 
Percentage of sitting time (24-h period)    
Crude model 0.005 0.012 0.68 
Adjusted model 0.007 0.012 0.559 
*adjusted for height, age, gender, group (intervention or control) and zWC.  
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Chapter 9: General Discussion 
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9.1. Main findings 
 
The main findings of the systematic reviews indicated that increased adiposity, lack of 
physical activity and high levels of sedentary behaviour were negatively correlated with 
microvascular alterations in children and adolescents; meta-analysis showed that obese children 
exhibited poorer retinal microvasculature profiles (paper I). The results also showed that the 
few studies examining associations between breaks in sitting time and cardiovascular health in 
children revealed conflicting findings (paper II). From the original research, our results 
indicated that the number of breaks in sitting time significantly predicted a lower WC (paper 
III). Our results also showed that overweight children presented higher values of systolic and 
diastolic BP z-scores than non-overweight children; however, the differences between weight 
status groups were not significant after adjusting for potential confounders (paper IV). Finally, 
when looking at longitudinal associations, this study indicated that the percentage of time spent 
sitting over a 24-h period was not a significant predictor of systolic or diastolic BP, over a 12-
month period, after adjustments for potential confounders (paper V). 
 
9.2. Overall Discussion 
 
To our knowledge, this is the first study addressing the associations between sedentary 
behaviour patterns and cardiovascular health outcomes in Australian toddlers.  
Foetal life has been acknowledged as a critical period for the development of CVD later 
in life (436) and for the development of an adverse fat distribution during childhood (437). In 
utero neglect that results in low-birth-weight infants (birth weight <2500 g) (438) is likely to 
contribute to the progress of vascular-related diseases in adulthood (439, 440, 524). Also, low 
birth weight may affect the vascular system both functionally and structurally, which in 
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adulthood, could result in a lower threshold for the development of vascular disease (444). 
Indeed, the first years of life are critical to set health and developmental trajectories. Therefore, 
the study of young children’s health outcomes is important to prevent and intervene as early as 
possible.  
Our study showed that increased adiposity is associated with wider retinal venules and 
narrower arterioles, in children. This was shown for greater BMI – wider retinal venules (12, 
98, 104, 106, 112, 418, 419, 431, 525) and narrower arterioles (12, 98, 104, 106, 112, 419, 425, 
431, 526) – but also for WC – wider retinal venules (12, 98) and narrower retinal arterioles (12, 
98, 112). These results are in line with studies in adult populations (82, 83, 446, 450-452, 527, 
528). Once changes in the microvascular structure are related to adiposity and are already 
present in early childhood, it is likely that these changes track from childhood into adulthood 
(529). Since these vessels are of particular interest for later development of CVD (444), it could 
be seen as an early sign of the vascular system, one in which early intervention and prevention 
could occur. 
Regarding physical activity and sedentary behaviour, higher levels of physical activity, 
either indoor or outdoor, were associated with healthier retinal microvascular profiles, whereas 
higher levels of sedentary behaviour were associated with poorer retinal microvascular profiles, 
in children and adolescents. Moreover, a study reported that engaging in approximately an 
additional half hour per day in outdoor physical activity can beneficially impact on the retinal 
vascular profile (97). However, since studies with different outcomes were found, one cannot 
assume that partaking in indoor sporting activities is better than partaking in outdoor sporting 
activities or vice-versa. To what extent these activities influence the retinal vascular structure 
is not known. Nonetheless, these microvascular associations suggest a potential deleterious 
effect of reduced physical activity on children’s microvasculature.  
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Narrowing of retinal arterioles across the increasing quartiles of television viewing was 
observed, whereas no significant associations were seen between any other indicators of 
sedentary behaviour and retinal venules (97). Although no associations with retinal venules 
were found, both findings in children and adults, showed that diminishing time spent in 
sedentary behaviour may be important for a healthy retinal vascular profile. 
The only result present in all exposures of the cross-sectional studies was the narrowing 
of the retinal arterioles. Since these vessels are of particular interest for later development of 
CVD (444), it could be seen as an early sign of the vascular system in which one could intervene 
and prevent. 
Upcoming studies should bring knowledge on whether retinal arteriolar and venular 
changes in young children truly predict cardiovascular outcomes and permanent structural 
modifications, in adolescence and adulthood, or if it merely reflects auto regulatory 
mechanisms in children.  
The results from the systematic review on the associations between breaks in sitting time 
and cardiovascular health in children and adolescents (paper II) revealed mixed findings. Two 
studies showed significant associations between breaks in sitting time and cardiovascular health 
(530, 531); that is, an increased number of breaks in sitting time was negatively associated with 
BMI values (531), BMI z-scores and with a continuous cardiometabolic risk (530). The 
remaining studies showed no significant associations between number of breaks in sitting time 
and cardiovascular health outcomes (42, 363, 370, 371, 532). 
This inconsistency of the results may be due to the use of several operational definitions 
for sedentary breaks in sedentary time/sitting time, as well as the use of different devices to 
assess breaks in sitting time. Indeed, only recently, standardized definitions of sitting time and 
breaks in sitting time have been proposed (293). Such definitions have the potential to be used 
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 
Eduarda Manuela de Sousa Rodrigues de Sá 172 
in future studies, which would possibly reduce the heterogeneity between studies, making 
comparisons between studies easier and attainable.  
While increased breaks in objectively measured sedentary time have been positively 
associated with markers of cardiometabolic risk in adults (33, 462), many issues remain to be 
understood regarding the health associations of sedentary time in general and sedentary breaks 
in particular (533, 534); specially among the paediatric population. However, in the absence of 
longitudinal and epidemiological evidence, it can only be speculated that the harmful effects of 
prolonged sitting time in toddlers, take time to exert an effect on health. This could be a possible 
explanation for the different results between children/adolescents and adult population. 
However, the new UK Physical Activity Guidelines, and recently released Australian and 
Canadian 24-hour Movement Guidelines for the Early Years (256, 257, 481) recommend 
reducing/breaking up sedentary behaviour, more precisely, sitting time. Both the Australian and 
Canadian guidelines, further recommend that sitting time should be interrupted, at least, every 
hour, and it should be replaced with more energetic play (256, 257). These guidelines highlight 
the importance of, not only motivating for MVPA, but also reducing sitting time, to achieve 
greater health benefits. 
 
The results from paper III extend the findings of previous studies in older children by 
showing that breaking sitting time may predict a lower weight status (41, 368). Physiological 
mechanisms have been proposed to explain this association between breaks in sedentary time 
and overweight in the present study. For example, a study with adults has showed that energy 
expenditure increases from sitting to standing (0.34 kcal/min) and that there is a substantially 
higher metabolic and energy cost for the sit to stand transition, when compared with being either 
sitting and or standing, in both normal weight and overweight/obese men and women (535). 
Therefore, if standing up from a chair requires more skeletal muscle fibre recruitment and 
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consequently contraction than standing (344, 535), it is reasonable to assume that postural 
allocation can play an important role in human weight balance. 
At the same time, one cannot discard the idea that these findings might also be the result 
of the behaviours children engage in while at childcare centres, as in this doctoral study, 
movement patterns were collected during childcare hours. A recent systematic review found 
that poorer active environments, increased sedentary opportunities, not enough time for active 
play, overweight or obese educators and educators with habitual low levels of physical activity 
were all correlated to pre-schoolers’ increased likelihood of being overweight (536). Therefore, 
time spent at childcare, built environment features at the childcare centre and the type of 
activities proposed by the educators may need to be rethought, to provide young children with 
a healthier conductive environment. 
 
Results from paper IV did not show differences in BP according to BMI and WC groups. 
The somewhat expected results in this sample of apparently healthy toddlers, may be because 
the deleterious effect of excess of adiposity on BP levels is likely to manifest over time, as 
children get older. Nevertheless, despite the lack of significance, overweight children 
(classified by BMI or by WC) showed higher values of systolic and diastolic BP z-scores then 
non-overweight children. These results are, therefore, comparable to previous studies among 
Australian (129), Chinese (537), American (382) and Iranian (381) children. More specifically, 
previous data has shown a strong effect size for weight gain occurring closer to the age of 5 and 
higher BP levels (494). Considering this evidence, as the age of this sample fell between 15 to 
24 months and the fact that the analysis was cross-sectional, this sample might be too young to 
show any significant predictive differences for elevated BP at this stage. Nevertheless, the 
cumulative effects over time of higher levels of adiposity in our sample might be an important 
predictor for the future development of high BP. 
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Greater gains in toddlers’ abdominal circumference have also been associated with higher 
BP at the age of 3 (493). Although BMI is a valid and reliable tool to assess adiposity in 
paediatric ages, it does not differentiate lean mass from fat mass (447). To overcome some of 
the BMI’s limitations, investigators should use WC, which provides better information on the 
patterns of fat distribution, particularly abdominal fat, helping with the assessment of an 
increased cardiovascular risk profile (449). Undeniably, central adiposity might have a stronger 
role than total adiposity in the development of paediatric hypertension, as it has been shown 
that WC is a superior and more reliable predictor of BP when compared to BMI, among both 
normal weight and overweight children (447, 449, 496, 497). 
In overweight adolescents, a decrease in BP levels can be achieved by reducing weight 
status (164, 502). Indeed, most of the previous studies in toddlers did not assess physical activity 
and, therefore, the statistical analysis of those studies was not adjusted for this variable (129, 
158, 381, 382). As physical activity is well recognized as a preventive method for weight gain 
and high BP, in young children (27), this study makes an important contribution by adding 
physical activity to the confounding variables, as well as, assessing it objectively.  
Although significant results were not found, it is important to monitor BP levels and its 
relationship with weight early in life, as constant elevated BP is known to track over life (122), 
in close association with weight (499-501). 
 
The longitudinal study (paper V) showed that the percentage of time spent sitting over a 
24-h period, did not predict systolic and diastolic BP over a 12-month period, after adjustments 
for potential confounders, in this sample of Australian toddlers. To the author’s knowledge, this 
was the first study looking at longitudinal associations between time spent sitting and BP, in 
this age group. Because of this, the results are only comparable to similar studies with different 
age samples. The results are in agreement with those found in older children (364, 372). The 
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potential reasons for the lack of associations between the two analysed variables may be due to 
the very young age of our sample, as BP is known to steadily increase from infancy to late 
adolescence (523). Therefore, it may be that the participants were too young to show any 
deleterious effects of excess of sitting time accumulated over time on BP levels.  
Important to note is the use of different measures for assessing physical activity and 
sitting time, i.e., ActivPal (study IV) and Actigraph (study V) accelerometers, making that 
comparison across this thesis’ studies should be made with caution due to operational 
differences. Only the most recent  accelerometers models, i.e. GT3X and GT3X+, are able to 
differentiate between various postures (i.e. lying, sitting, standing) (458, 459); whereas the 
ActivPal allows for this (480). As a consequence of potential misclassification when 
sedentary/sitting time are measured by accelerometry, time spent sedentary (both total and 
breaks) may be overestimated (460). 
Despite of the lack of significance of these results it would be important to investigate the 
long-term effects of time spent sitting on BP levels (i.e., longer than 12 months) rather than 
infer them from short-term follow-up periods.  
 
9.3. Strengths and Limitations 
The characteristics of the sample and the assessment tools used to capture sitting time and 
to assess weight status and BP should be considered a strength of this doctoral thesis. Although 
some authors claim that using BMI to assess adiposity may not be the more accurate 
measurement, as it does not distinguish between fat and fat-free mass, it is commonly used in 
paediatric research as a marker of adiposity, due to its practicability and low cost (505, 506). 
All studies included in this thesis had a relatively large sample size, including children 
aged less than three years old, for whom there is limited evidence in the literature. Therefore, 
these results can provide important information for young Australians. 
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The objective assessment of sitting time whilst at childcare or over a 24-h period, with 
valid and reliable devices (activPal and Actigraph GT3X+ accelerometers) to assess movement 
in this sample of very young children should also be considered a strength of this study.  
Important to note is that this doctoral thesis includes the first longitudinal study 
investigating the associations between sitting time and blood pressure overtime, in toddlers.  
However, this study is not without limitations, as it also includes cross-sectional studies, 
which due to the nature of the design, one should consider that the associations found between 
the analysed variables may not reflect a long-time exposure in this specific population, nor 
causal inference can be drawn. Nevertheless, these cross-sectional studies are needed to create 
hypotheses for further research. Also, other variables were not included in the analysis that may 
confound the associations, such as dietary intake, nor were children from a wide spectrum of 
SES and cultural backgrounds assessed. Finally, this sample was not nationally representative 




In general, the evidence from this thesis shows that more research is needed to confirm 
the efficacy of limiting sitting time in young children to prevent future increased cardiovascular 
risk. The significance how low sitting time may be associated with more favourable health 
outcomes in toddlers, may be an essential public health message for those working with this 
population. Consequently, future studies should determine if breaking up prolonged sitting time 
is protective for cardiometabolic health in toddlers, overtime. Moreover, and because the 
newest Australian 24-hour movement guidelines for the early years do not mention specific 
length for bouts and breaks in sitting time, the information provided by this thesis might be 
helpful to inform future updates of the guidelines. 
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From a public health perspective, it is important to screen BP levels and adiposity, as well 
as the adoption of healthy lifestyles from a young age, since these tend to track throughout life. 
Also, more studies with longer follow-ups are needed to confirm or rule out our findings, as the 
cumulative effects of unhealthy lifestyles on cardiovascular risk are likely to manifest later in 
life. 
More epidemiological evidence is required, to inform lifestyle interventions and public 
health policies, which could translate into long-term implications on population health.  
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11.1. Appendix A – Ethics approval 
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Ethics Number: HE15/236 
  
Project Title: Effects of reduced sitting on toddlers’ cognitive development: a cluster 
randomized controlled trial 
  
Researchers: Dr Rute Santos, Professor Anthony Okely 
  
Documents Approved:  Initial Ethics Application 
 Educators’ Information Sheet - V5, 17 August 2015 
 Family survey, V3, 4 August 2015 
 Information Sheet for Parents - V3, 4 August 2015 
 Consent form for parents on behalf of their Child - V2, 14 July 2015 
 Educator Questionnaire 
 Evaluation Process – Educator checklist 
 Consent form for Educators - V1, 26 May 2015 
 Information Sheet about the Program 
 Strength and Difficulty Questionnaire 
  
Approval Date: 17 August 2015 
  
Expiry Date: 16 August 2016 
 
The University of Wollongong/Illawarra Shoalhaven Local Health District Social Sciences HREC is 
constituted and functions in accordance with the NHMRC National Statement on Ethical Conduct in 
Human Research. The HREC has reviewed the research proposal for compliance with the National 
Statement and approval of this project is conditional upon your continuing compliance with this 
document. 
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Approval by the HREC is for a twelve-month period. Further extension will be considered on receipt of 
a progress report prior to expiry date. Continuing approval requires: 
 
 The submission of a progress report annually and on completion of your project. The progress 
report template is available at http://www.uow.edu.au/research/ethics/human/index.html. 
This report must be completed, signed by the researchers and the appropriate Head of Unit, 
and returned to the Research Services Office prior to the expiry date. 
 Approval by the HREC of any proposed changes to the protocol including changes to 
investigators involved. 
 Immediate report of serious or unexpected adverse effects on participants. 
 Immediate report of unforeseen events that might affect continued ethical acceptability of the 
project. 
 
If you have any queries regarding the HREC review process, please contact the Ethics Unit on phone 
4221 3386 or email rso-ethics@uow.edu.au. 
 
Yours sincerely 
Associate Professor Melanie Randle 
Chair, UOW Social Sciences 
Human Research Ethics Committee 
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11.2. Appendix B – Parent Information Sheet 
 
 
Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized 
controlled trial. 
 
Information Sheet for Parents 
 
Dear Parent, 
Full details about the project, it's purpose, the researchers involved and what is required of you and your child, 
should you agree to be involved, are provided in this information sheet.  
 
What is the purpose of this study? 
 
The aim of this study is to evaluate the effects of reducing sitting time during childcare on cognitive development 
among toddlers.  
 
Cognitive development is the construction of thought processes, including remembering, problem solving, and 
decision-making. 
 
This program will be implemented in your child’s childcare centre. The research that we are seeking your consent 
for is to collect data from you, your partner (if applicable) and your child on the effect of the program on your 
child’s sedentary behaviour, physical activity and cognitive development. 
 
Pre-schoolers show high levels of sedentary behaviour. Even at childcare, there are opportunities to improve the 
quality of their experiences by decreasing sitting time. If this can be done, it has the potential to impact on health 
and development.   
 
What we are asking you and your child to do? 
The childcare service that your child attends has agreed to be involved in this study. Given that your child is 
enrolled in this childcare service, attends at least twice a week, and is 12 to 24 months of age, he/she has the 
opportunity to participate. While your child is in childcare, the educators will provide ways to reduce total sitting 
time by 50% and to reduce bouts of sitting to less than 15 minutes. We are asking your child to be involved in 
these activities when they attend childcare. 
 
We will ask you to complete a survey about your family structure, education, and lifestyle; your child’s lifestyle 
habits; and the health of the child’s mother during pregnancy. The survey will take about 20 minutes to complete. 
We will also ask you to oversee the wearing of the physical activity accelerometer by your child, as described 
below. 
 
At the beginning and end of our program (which will run for 12-months) trained research assistants visit the 
childcare service and assess, in the presence of the educators, your child’s sedentary behaviour, physical activity, 
height and weight, and cognitive development  
 
A description of the assessments can be found below: 
 
Cognitive development will be assessed using the Cognitive sub-test from the Bayley Scales of Infant and Toddler 
Development. For these we will ask your child to explore and manipulate objects of different colours and shapes 
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(children toys, such as ducks or balls) to order and relate these objects and to perform simple problem-solving 
activities. 
For those children who have turned 3 at the end of the intervention, an additional four tasks will be assessed: 
your child will be asked to play four games on an iPad assessing their ability to control their thinking and 
behaviour. The games will require children to catch fish, sort cards, identify objects that match verbal 
instructions, and remember a number of different locations at once. We have found that children generally enjoy 
playing these iPad games, and we can show these to you if you like. 
 
Cognitive assessments and executive function tests will be conducted individually in a private area and will be 
scheduled on separate days, where possible, so that children have breaks and do not experience fatigue. 
 
Sedentary behaviour will be measured during childcare hours over a one-week period using an activPAL 
accelerometer. This is a small (53 x 35 x 7mm) and lightweight (15g) device that will be placed on the front of the 
upper thigh (using a small hypo-allergenic adhesive gel patch and covered with a transparent sticky film to secure 
it).  
 
Gross motor skills will be assessed using the Peabody Developmental Motor Scales Second Edition (PDMS-2). 
Trained data collectors will ask children to perform several tasks to the best of their ability (e.g. walking on a 
taped line, jumping or kicking a ball). This will take approximately 10 min per child.                   
 
Your child’s height and weight will be assessed using a set of electronic bathroom scales and a portable height 
scale. This will be done in a quiet, private space away from other children. 
 
Physical activity and will be measured for a week using the Actigraph 
accelerometer. Your child will be given an accelerometer to wear; 
this is a very small device worn on a belt around the waist, which 
measures an individual’s physical activity. Your child will be 
instructed how to put this on and will be asked to wear it for 7 days 
as they go about their normal day to day activities. The 
accelerometers will be collected back in after the 7 days. 
(See an accelerometer pictured next to a 50c coin to indicate its small 
size). 
 
Bone mineral density will be assessed using a portable ultrasound system. This will be collected with the child 
sitting on a chair with his/her leg extended and his/her foot resting in a relaxed position on the lap of the data 
collector. 
 
Retinal microvasculature will be assessed by photographing both eyes of each participant with an ophthalmic 
fundus camera. 
 
Social and Emotional Development will be assessed by resting heart rate; and, the educators will answer a 
questionnaire about your child’ behaviour, emotions and relationships. 
 
Blood Pressure will be assessed with a paediatric blood pressure monitor device.  
 
Importantly, this study is a randomised controlled trial. This means that half of the childcare services involved 
will be allocated to an intervention group and the other half to a control group. If your child’s service is allocated 
to the intervention group, then you and your child will participate in the activities as described above. If your 
child’s service is allocated to the control group, then they will continue with their usual practice. The research 
team will still take the same assessments described in the preceding paragraphs, so that we can compare these 
with the intervention group.  
 
What are the benefits and risks involved in this study? 
 
This study will benefit your child’s childcare service by providing information about how to decrease sedentary 
behaviour. The results from the study will be presented to the educators at your child’s service and they, along 
with interested parents, will have an opportunity to discuss the findings and ways in which current practices may 
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be modified to improve cognitive development and thereby improve the health of toddlers enrolled at your 
child’s service.  
 
There are no risks associated with this study. The activity monitors are small and lightweight devices. It is not 
painful to wear nor intrusive. The child may remove these monitors easily at any time if they no longer wish to 
wear it. It will take approximately 60 minutes for all the assessments to be completed on your child. This will be 
done over two days while they attend childcare. Height and weight will be assessed by a female data collector 
out of sight of other children. The data files will be stored on a password-protected server and only seen by a 
member of the research team. An educator will be supervising all assessments. 
 
For parents, the only burden will be the time taken to complete the surveys and to make sure that the child 
wears the accelerometer outside childcare hours. The surveys may contain potentially sensitive questions about 
financial issues, tobacco and alcohol consumption and family structure. We stress that this information will not 
be seen by anyone other than the research team, and, that you may choose not to answer any of the questions 
in the survey. The physical activity accelerometers are to be worn by the child during waking hours and removed 
for sleeping and water activities (bath/shower and swimming activities), as these devices are not waterproof. 
The accelerometers should be placed around the waist of your child. 
 
Participation in the study 
 
If you consent to your child’s participation in the study, then you are agreeing that your child takes part in all 
assessments. However, your child is free to discontinue participation at any time. Discontinuation of your child’s 
involvement will not jeopardise your or your child’s current or future relationship with their childcare service or 
with the University of Wollongong.  
 
What will happen to the information that you provide? 
 
All information collected during this study will be kept strictly confidential and be stored in a locked office. 
Information that we collect may be used in publications such as papers, conference presentations and grant 
applications, however your child’s identity and that of your Childcare service will be kept strictly confidential. It is 
anticipated that there will be additional studies relating to the health and development of young children 
conducted at your child centre in the future. With your consent, we would like to be able utilise the de-identified 
data relating to your family in the current study. Additional consent for this used would not be sought; however, 
any such use would only occur after the Human Research Ethics Committee of UOW has approved the study. 
 
Who is conducting the study? 
 Dr Rute Santos, Research Fellow, Early Start Research Institute, University of Wollongong 
 Professor Tony Okely, Professorial Fellow, Early Start Research Institute, University of Wollongong 
 Sanne Veldman, PhD student, Early Start Research Institute, University of Wollongong 
 
If you are happy for your child to participate in this study, please complete the attached consent form and return 




Rute Santos (Research Fellow) and Sanne Veldman (PhD Candidate)  
Early Start Research Institute, University of Wollongong     
rutes@uow.edu.au or slcv960@uowmail.edu.au  
+61 2 42218184 
 
If you have any questions regarding the study, please contact Dr Rute Santos on (02) 42218184. If you have any 
concerns or complaints regarding the way the research is or has been conducted, you can contact the Complaints 
Officer, Human Research Ethics Committee, University of Wollongong on (02) 4221 4457 or by email (rso-
ethics@uow.edu.au).   
 
Your cooperation in this project will be greatly appreciated. 
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11.3. Appendix C – Parent consent form 
 
 
Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized 
controlled trial. 
 
Consent form for parents on behalf of their child 
 
I have been given information about the study entitled: “Effects of reduced sitting on toddlers’ cognitive 
development: a cluster randomized controlled trial.” and have had the opportunity to discuss the study with 
Professor Tony Okely, Dr Rute Santos and Sanne Veldman. 
 
I understand that if I consent for my child to participate, they will be asked to: 
 Have their sedentary behaviour, physical activity, gross motor skills, height and weight and cognitive 
development, retinal microvasculature, blood pressure, bone density and resting heart rate assessed. This 
includes, wearing an activity monitor around their waist for one week. 
 Participate in a reduced sitting time programme during childcare (if they are randomised to the intervention 
group) or continue with their usual activities (if randomised to the control group). 
 
I understand that if I consent to participate, I will be asked to: 
 Answer a survey about my family structure, education and lifestyle, my child lifestyle habits, and about the 
health of the child’s mother during pregnancy  
 Oversee that my child wears the activity monitor for one week. 
 To allow the educator of child to report their emotional and social development 
 
I have been advised of the potential risks and burdens associated with this study. I understand that my child’s 
participation is voluntary and that my child is free to withdraw from the study at any time. Withdrawal from the 
study will not affect my relationship or that of my child’s, with our childcare service or with the University of 
Wollongong now or in the future. Furthermore, I understand that the information provided may be used in papers, 
conferences presentations or future grant applications. 
 
If I have any enquires about the study, I can contact Dr Rute Santos or Sanne Veldman on (02) 42218184 or if I have 
any concerns or complaints regarding the way the study is or has been conducted, I can contact the Complaints 
Officer, Human Research Ethics Committee, University of Wollongong on +61 2 42214457 or by email on (rso-
ethics@uow.edu.au).   
 
By signing below I am indicating my consent for my child to participate in this study as it has been described to me 
in the information sheet and in discussion with Dr Rute Santos or Sanne Veldman. 
 
Can you please return this form on your child’s next day of attendance? 
Your cooperation in this study will be greatly appreciated 
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Note: If you have a partner living with you, please have him/her sign this consent too, once the survey to be 
completed includes questions about you and your partner 
 
I (your name) _______________________________ agree for my child (child’s full name) 
__________________________________ , myself and my partner (if applicable)  to take part in the study 
entitled: “Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized controlled trial”.  
 
I consent to the de-identified data relating to my family being used in future research that has been approved 
by the Human Research Ethics Committee at UOW (please circle): Yes   /  No  
 
Parent Surname: _______________________________________________ 
Parent Given name: _____________________________________________ 
Child’s Date of Birth: ___________________________(dd/mm/yyyy) 
Sex of the Child: ________________________________(boy/girl) 
Home Phone: ___________________________________ 
Mobile: ________________________________________ 
Email Address: ___________________________________________________________ 
 
Preferred method of completing surveys will be (please tick): 
☐Online ☐Paper form ☐Face-to-face ☐Telephone - preferred time of day: 
☐ Morning 
☐ Afternoon  
☐ Evening  
☐ Specific time_____________ 
 
 
Days my child attends childcare (please tick): 
☐Monday  ☐Tuesday  ☐Wednesday  ☐Thursday ☐Friday 
 
(your) Signature:  ________________________________________________   
(your partner’s) Signature: _________________________________________  
Date:  ____________________________________________ 
Name of Childcare Centre: _________________________________________ 
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11.4. Appendix D – Educator information and consent form 
 
 
Effects of reduced sitting on toddlers’ cognitive development: a cluster randomized 
controlled trial. 
 
Educators’ Information Sheet about the Study 
 
- What is the purpose of this study? 
The aim of this study is to evaluate the effects of reducing sitting time during childcare on cognitive development.  
We would like to work with your service to implement this cluster randomized controlled trial in your childcare 
centre over a 15-month period starting in 2015. As part of the program, we will be seeking consent from all 
educators and families of 14 to 24 months old from your centre to collect data on the effect of the program on 
the children’s cognitive development. 
 
Pre-schoolers show high levels of sedentary behaviour. Even at childcare, there are opportunities to improve the 
quality of their experiences by decreasing sitting time. If this can be done, it has the potential to impact on health 
and development.   
 
This programme aligns with the EYLF and the NQS and if implemented, can be used to meet a number of the 
learning outcomes, including “Children are confidant and involved learners” and “Children have a strong sense 
of well-being”. 
 
- What we are asking educators to do? 
All educators in the service will be trained to implement learning experiences with reduced sitting time. 
Educators will facilitate ways to reduce total sitting time by 50% and to reduce bouts of sitting to <15 minutes. 
There will be one-day of intensive professional learning, followed by two booster training sessions (2 hours each) 
over the course of 12-15 months, to be delivered during the staff meetings at childcare. 
 
Educators will complete a short questionnaire about their experience, level of training (for example: What is your 
highest level of schooling completed?), and their confidence to getting children active and less sedentary (for 
example, How confident do you feel you are in: getting toddlers to follow classroom rules, or How confident do 
you feel you are in: decreasing toddlers total sitting time by around 50% of their time while at childcare by 
modifying routine activities to decrease sitting time?), this will take approximately 3 minutes to complete . 
Educators will complete also a two-page questionnaire for each child involved in the study, about their emotional 
and social development (the Strengths and Difficulties Questionnaire) as well as the Social and Emotional 
Development questionnaire of the Bayley Scales, these will take approximately 5 minutes to complete (per child). 
Finally, educators will be asked to document the learning experiences that have occurred in their service, this 
will take approximately 10 minutes per month.  
 
Assessments: 
At the beginning and end of our program (which will run for 12-months), trained research assistants will assess 
the children’s sedentary behaviour, physical activity, height and weight, and cognitive development. This will be 
conducted in a manner which results in as little disruption to the daily routine as possible and nothing in addition 
to what educators would do in a usual day will be required.  
 
Cognitive development and executive function will be assessed using the Cognitive sub-test from the Bayley 
Scales of Infant and Toddler Development. For those children who have turned 3 at 15-months follow-up, an 
additional four executive function tasks will be assessed. These tasks assess three key executive function 
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components; 1) go/no-go task (inhibition); 2) backward span task, and 3) complex span task (both assess working 
memory); and 4) dimensional change card sort (cognitive flexibility). These tasks will be presented to children 
presented as 'games' on either an iPad or on cards. These tasks can be completed in < per child. Cognitive 
assessments and executive function tests will be conducted individually in a private area and will be scheduled 
on separate days, where possible, so that children have breaks and do not experience fatigue. 
 
Sedentary behaviour will be measured during childcare hours over a one-week period using an activPAL 
accelerometer. This is a small (53 x 35 x 7mm) and lightweight (15g) device that will be placed on the front of the 
upper thigh (using a small hypo-allergenic adhesive gel patch and covered with a transparent sticky film to secure 
it). 
 
Gross motor skills will be assessed using the Peabody Developmental Motor Scales Second Edition (PDMS-2). 
Trained data collectors will ask children to perform several tasks to the best of their ability (e.g. walking on a 
taped line, jumping or kicking a ball). This will take approximately 10 min per child.                   
 
Child’s height and weight will be assessed using a set of electronic bathroom scales and a portable height scale. 
This will be done in a quiet, private space away from other children. 
 
Physical activity and will be measured for a week using the Actigraph accelerometer. The child will be given an 
accelerometer to wear; this is a very small device worn on a belt around the waist, which measures an individual’s 
physical activity. The child will be instructed how to put this on and will be asked to wear it for 7 days as they go 
about their normal day to day activities. The accelerometers will be collected back in after the 7 days. 
 
Bone mineral density will be assessed using a portable ultrasound system. This will be collected with the child 
sitting on a chair with his/her leg extended and his/her foot resting in a relaxed position on the lap of the data 
collector. 
 
Retinal microvasculature will be assessed by photographing both eyes of each participant with an ophthalmic 
fundus camera. 
 
Social and Emotional Development will be assessed through heart rate variability, by resting heart rate. 
 
Blood Pressure will be assessed with a paediatric sphygmomanometer. 
 
Importantly, this study is a randomised controlled trial. This means that half of the childcare services involved 
will be allocated to an intervention group and the other half to a control group. If your service is allocated to the 
intervention group, then the educators and the children and families will participate in the activities as described 
above. If your service is allocated to the control group, then the educator will receive training in another program 
(such as Munch and Move). The research team will still take the same assessments described in the preceding 
paragraphs, so that we can compare these with the intervention group. At the end of the study, we will provide 
all the intervention materials to the control centres.  
 
- What are the benefits and risks involved in this study? 
This study will benefit your childcare service by providing information about how to decrease sedentary 
behaviour. The results from the study will be presented to the educators and they will have an opportunity to 
discuss the findings and ways in which current practices may be modified to improve cognitive development and 
thereby improve the health of toddlers enrolled at your service.  
 
There are no risks associated with this study. The activity monitors are small and lightweight and worn on an 
elastic belt. They are not painful to wear nor intrusive. The child may remove these monitors easily at any time 
if they no longer wish to wear it. It will take approximately 60 minutes for all the assessments to be completed 
on each child.  This will be done over a week while they attend childcare. Height and weight will be assessed by 
a female data collector out of sight of other children. The data files will be stored on a password-protected server 
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- Participation in the study 
Educators will be free to discontinue participation at any time. Discontinuation of your involvement will not 
jeopardise your current or future relationship with Early Start or with the University of Wollongong.  
 
- What will happen to the information that you provide? 
All information collected during this study will be kept strictly confidential and be stored in a locked office. 
Information that we collect may be used in publications such as papers, conference presentations and grant 
applications, however your identity and the identity of the childcare centre will be kept strictly confidential.  
 
- Who is conducting the study? 
 Dr Rute Santos, Research Fellow, Early Start Research Institute, University of Wollongong 
 Professor Tony Okely, Professorial Fellow, Early Start Research Institute, University of Wollongong 
 Sanne Veldman, PhD student, Early Start Research Institute, University of Wollongong 
 
We look forward to working with your Service on this project should you wish to participate.  
 
If you have any questions regarding the study, please contact Dr Rute Santos on (02) 42218184. If you have any 
concerns or complaints regarding the way the research is or has been conducted, you can contact the Complaints 
Officer, Human Research Ethics Committee, University of Wollongong on (02) 4221 4457 or by email (rso-
ethics@uow.edu.au).   
 




Rute Santos (Research Fellow) and Sanne Veldman (PhD Candidate)  
Early Start Research Institute, University of Wollongong     
rutes@uow.edu.au or slcv960@uowmail.edu.au  
+61 2 42218184 
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Consent form for Educators 
 
I have been given information about the study entitled: “Effects of reduced sitting on toddlers’ cognitive 
development: a cluster randomized controlled trial” and have had the opportunity to discuss the study with 
Professor Tony Okely and Dr Rute Santos and Sanne Veldman. 
 
I understand that if I consent to participate, I will be asked to: 
 
 Participate in trainings for and implement reduced sitting time program, during childcare (if my centre is 
randomised to the intervention group) or participate in training and implement the Munch and Move program 
(if my centre is randomised to the control group) for an 18-month period 
 Complete a short questionnaire about myself and my education, and my confidence to getting children active 
and less sedentary 
 Complete a short questionnaire on individual children at the centre regarding their approaches to learning 
 
I have been advised of the potential risks and burdens associated with this study. I understand that my 
participation is voluntary and that I am free to withdraw from the study at any time. Withdrawal from the study 
will not affect my relationship with my childcare service or with the University of Wollongong now or in the 
future. Furthermore, I understand that the information provided may be used in papers, conferences 
presentations or future grant applications. If I am involved in any future studies conducted within this 
engagement centre, I give permission for de-identified data collected in the present study to be linked to any 
future data which may be collected.  
  
If I have any enquires about the study, I can contact Dr Rute Santos or Sanne Veldman on (02) 42215726 or if I have 
any concerns or complaints regarding the way the study is or has been conducted, I can contact the Complaints 
Officer, Human Research Ethics Committee, University of Wollongong on +61 2 42214457. Or by email on (rso-
ethics@uow.edu.au).   
 
By signing below I am indicating my consent to participate in this study as it has been described to me in the 
information sheet and in discussion with Dr Rute Santos or Sanne Veldman. 
 
Your cooperation in this study will be greatly appreciated. 
  
SITTING TIME AND CARDIOVASCULAR HEALTH IN CHILDREN AND ADOLESCENTS 
University of Wollongong, Australia 





I (your name) ___________________________________ agree to take part in the study entitled 














Name of Childcare Centre: ____________________________________________________________ 
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11.5. Appendix E – Family Survey 
FAMILY QUESTIONNAIRE 
ABOUT YOU AND YOUR FAMILY 
 
Instructions: 
This survey should be completed by the MAIN CAREGIVER of the child/children in the study. The main caregiver is 
the person who lives with the study child/children and is most knowledgeable about their behaviour, personality 
and daily care arrangements. 
Please try to answer all the questions truly and accurately.  
This questionnaire takes about 20 min to complete. 
___________________________________________________________________________________________ 
SECTION 1 – About You 
___________________________________________________________________________________________ 
 
1.  What is today’s date? _______/_______/ ____________ (dd/mm/yyyy) 
    
2.  What is your full name?  First Name      Last Name     
 
3.  Are you the main caregiver for the child/children in the study?      Yes ☐    No ☐ 
 
4. What is YOUR age? ____________ years 
 
5. Are you:     Male ☐ Female ☐ 
 
6. Are you of Aboriginal or Torres Strait Islander origin? 
No ☐                    Aboriginal ☐         Torres Strait Islander ☐              Both ☐  
 
7. What is the main language you speak at home? 
English ☐                Other ☐ (please specify)        
 
8. What is your postcode? ____________________ 
 
9. How many children do you have at this service?          1 ☐       2 ☐       3 ☐       4 ☐       5+ ☐  
 
10. What is your current marital status?  Single/separated/divorced☐    married/with partner☐ 
 
___________________________________________________________________________________________ 
SECTION 2 – About You and Your Partner 
___________________________________________________________________________________________ 
Please fill this section for the Primary Caregiver and partner. Please leave the partner section blank if you do not 
have a partner. 
 
11. What is your (and your partner’s) highest level of schooling completed?  
You       Your partner (if applicable) 
No schooling/did not complete Primary School    ☐    ☐  
Primary school or equivalent      ☐    ☐  
Year 10 or equivalent (e.g. School Certificate)    ☐    ☐  
Year 12 or equivalent (e.g. Higher School Certificate)    ☐    ☐  
Trade/apprenticeship/certificate (e.g. hairdresser, plumber)   ☐    ☐  
University Degree       ☐    ☐  
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12. What is the nature of your (and your partner’s) employment?  
You          Your partner (if applicable) 
Employed, full time   ☐    ☐  
Employed, part time   ☐    ☐  
Self-Employed    ☐    ☐  
Not employed    ☐    ☐  
Other     ☐    ☐  
  (please specify) You___________________________________________________________________  
            Your partner (if applicable) ________________________________________________ 
 
13. What is your (and your partner’s) disposable income per week? 
Disposable income is your weekly income after taxes.  
You          Your partner (if applicable) 
Less than 580$/week    ☐    ☐  
Between 580$ and 1,240$/week   ☐    ☐  
More than 1,240$/week     ☐    ☐  
 
14. How many hours per week do you (and your partner) work? 
You ____________hours/week  Your partner (if applicable) ____________hours/week 
 
15. What is your (and your partner’s) employment (job title)? 
You _______________________________________________________________________________  
Your partner (if applicable) __________________________________________________________________ 
 
16. What is the main source of your (and your partner’s) income? 
You          Your partner (if applicable) 
Government benefits    ☐    ☐  
Casual or part-time hourly salary   ☐    ☐  
Full-time job salary    ☐    ☐  
Profits of company or CEO salary   ☐    ☐  
Other       ☐    ☐  
   (please specify) You ________________________________________________________________  
            Your partner (if applicable) ______________________________________________ 
 
___________________________________________________________________________________________ 
SECTION 3 – Your Family Structure 
___________________________________________________________________________________________ 
 
1. How many children (less than 18 years old), do you have living in your household? ________ 
 
2. How many adults (18 years old or older), including you, live in your household? ___________ 
 
___________________________________________________________________________________________ 
SECTION 4 – About You and Your Partner Lifestyles 
___________________________________________________________________________________________ 
Please fill this section for the Primary Caregiver and partner. Please leave the partner section blank if you do not 
have a partner. 
 
1. Do you (and your partner) currently smoke or smoked in the past? 
You          Your partner (if applicable) 
Never smoked       ☐    ☐  
Smoke occasionally       ☐    ☐  
(on average less than 1 cigarette/day) 
Used to smoke daily (at least 1 cigarette/day)   ☐    ☐  
but quit smoking more than 6 months ago 
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Used to smoke daily (at least 1 cigarette/day)   ☐    ☐  
but quit smoking less than 6 months ago 
Currently smoke daily (at least 1 cigarette per day)   ☐    ☐  
How many cigarettes per day?   _____________      ______________ cigarettes/day 
 
2. During the last 12 months, how often did you (and your partner) usually have any kind of drink containing 
alcohol? (one drink is considered a can or glass of beer or cooler, glass of wine, or a drink containing 1 shot of 
liquor, for example).  
You          Your partner (if applicable) 
Every day     ☐    ☐  
5 to 6 times a week    ☐    ☐  
3 to 4 times a week    ☐    ☐  
twice a week     ☐    ☐  
2 to 3 times a month    ☐    ☐  
3 to 11 times in the past year   ☐    ☐  
1 or 2 times in the past year   ☐    ☐  
 
3. During your lifetime, what is the maximum number of drinks containing alcohol that you drank within a 
24-hour period? (one drink is considered a can or glass of beer or cooler, glass of wine, or a drink containing 1 
shot of liquor, for example). 
You ______________________  Your partner (if applicable) ______________________ 
 
4. During the last 12 months, how many alcoholic drinks did you (and your partner) have on a typical day 
when you drank alcohol? (one drink is considered a can or glass of beer or cooler, glass of wine, or a drink 
containing 1 shot of liquor, for example). 
You ______________________  Your partner (if applicable) ______________________ 
 
5. During the last 12 months, how often did you have 5 or more (males) or 4 or more (females) drinks 
containing any kind of alcohol in within a two-hour period? (one drink is considered a can or glass of beer or 
cooler, glass of wine, or a drink containing 1 shot of liquor, for example). 
You          Your partner (if applicable) 
Every day    ☐    ☐  
5 to 6 days a week   ☐    ☐  
3 to 4 days a week   ☐    ☐  
2 days a week    ☐    ☐  
1 day a week    ☐    ☐  
2 to 3 days a month   ☐    ☐  
1 day a month    ☐    ☐  
3 to 11 days in the past year  ☐    ☐  
1 or 2 days in the past year  ☐    ☐  
 
6. What is your (and your partner) current weight and height? 
You             Your partner (if applicable) 
Weight        ____________ kg      ____________ kg    
Height          ____________ cm      ____________ cm   
___________________________________________________________________________________________ 
SECTION 5 – Your Child aged 14 to 24 months in this childcare service 
 
1. What is the full name of your child aged 14 to 24 months in this Childcare service? 
 
First Name ______________________________________ 
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2. What is this child’s date of birth? _______/_______/ ____________ (dd/mm/yyyy) 
 
3. What is this child’s gender?       Male  ☐               Female ☐ 
 
4. How many days per week does this child usually attend this service? (please circle one) 
1  2  3  4  5  
 
5. How many hours per week does this child attend this service?   _______________ hours/week 
 
6. At what age did this child start at this service?   years   months 
 
7. What is the birth position for this child? (please circle one) 
 1st  2nd  3rd  4th  5th  6th+ 
 
8. This child has a twin brother(s)/sister(s)? No ☐    Yes☐ If yes, how many? __________ 
 
9.  Is YOUR CHILD of Aboriginal or Torres Strait Islander origin? 
No ☐                   Aboriginal ☐         Torres Strait Islander ☐              Both ☐  
 
10. What is your relationship to this child? 
☐ Biological mother  ☐ Biological father 
☐ Step mother   ☐ Step father 
☐ Adoptive mother  ☐ Adoptive father 
☐ Grandmother   ☐ Grandfather 
☐ Aunt    ☐ Uncle 
☐ Female cousin   ☐ Male cousin 
☐ Other (please specify the relationship to child) ________________________________________________ 
 
11. What is your partner’s relationship to this child?  
(please leave the partner section blank if you do not have a partner) 
☐ Biological mother  ☐ Biological father 
☐ Step mother   ☐ Step father 
☐ Adoptive mother  ☐ Adoptive father 
☐ Grandmother   ☐ Grandfather 
☐ Aunt    ☐ Uncle 
☐ Female cousin   ☐ Male cousin 
☐ Other (please specify the relationship to child) ________________________________________________ 
 
12. What was this child’s birth weight and length? (please write “Don’t Know” if you don’t know) 
       Weight    _____  .  ________ Kg       Length ________  .  _____cm 
 
13. At what week of gestation was this child born? ________________ weeks of gestation. 
 (please write “Don’t Know” if you don’t know) 
 
14. How much weight did the mother of this child gain during pregnancy? ___________ Kg. 
(please write “Don’t Know” if you don’t know) 
 
15. How was the type of birth of this child? 
Normal (vaginal delivery)      ☐      
Instrumental vaginal delivery (forceps or vacuum extraction)  ☐      
Caesarean       ☐      
 
16. During the pregnancy of this child did the mother have any of the following conditions? 
Yes  No 
Hypertension during pregnancy or pre-eclampsia   ☐    ☐  
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Gestational Diabetes       ☐    ☐  
Diabetes Type II       ☐    ☐  
Diabetes Type I       ☐    ☐  
Vitamin D deficiency      ☐    ☐  
Anaemia       ☐    ☐  
Cardiovascular Disease      ☐    ☐  
Thyroid dysfunction      ☐    ☐  
(hyperthyroidism, hypothyroidism or hypothyroxinemia) 
 
17. During the pregnancy of this child did the mother: 
Yes  No 
Smoke during pregnancy     ☐    ☐  
Drink any amount of alcohol     ☐    ☐  
Take a specific pregnancy multivitamin   ☐    ☐  
Take a folic acid supplement    ☐    ☐  
Take a vitamin A supplement    ☐    ☐  
Take a vitamin D supplement    ☐    ☐  
 
18. During the pregnancy of this child was the mother physically active? 
No ☐                        Yes (at least 30 min per day of moderate or vigorous physical activity)☐             
Note:  
Moderate activities refer to activities that take moderate physical effort and make you 
breathe somewhat harder than normal (ex. brisk walking) 
 
Vigorous physical activities refer to activities that take hard physical effort and make 
you breathe much harder than normal (ex. heavy lifting, digging, aerobics, or fast 
bicycling).  
 
Sleeping habits of your child: 
 
19.How long after going to bed does your child usually fall asleep? 
≤ 15 min ☐             15–30min ☐            30–45 min ☐            45–60 min ☐            ≥ 60 min ☐ 
 
20. This child goes to bed reluctantly? 
Never☐    once or twice a month☐        1 or 2 times/week☐       3 to 5 times/week☐       every night ☐ 
 
21. This child has difficulty getting to sleep at night (and may require a parent to be present). 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
 
22. This child does not fall asleep in his or her own bed. 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
 
23. This child wakes up two or more times in the night. 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
 
24. After waking up in the night the child has difficulty falling asleep again by himself or herself? 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
 
25. This child sleeps in the parent’s bed at some time during the night. 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
 
26. If this child wakes, he or she uses a comforter (e.g. Dummy) and requires a parent to replace it. 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
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27. This child wants a drink during the night (including breast or bottle-feed). 
Never☐    once or twice a month☐        1 or 2 times/week☐        3 to 5 times/week☐      every night ☐ 
 
28. Do you think your child has sleeping difficulties?       Yes ☐               No ☐ 
 
    Weekdays                              Weekend days  
29. What time does your child goes to bed       ______H _____ min (p.m.)        ______H _____ min (p.m.) 
30. What time does your child goes to sleep?  ______H _____ min (p.m.)        ______H _____ min (p.m.) 
31. What time does your child wakes up?         ______H _____ min (a.m.)        ______H _____ min (a.m.) 
 
32. Do you have rules about screen entertainment?             Yes ☐   No ☐   
 (screen entertainment includes TV, DVDs, iPad, tablet, computer and handheld games) 
 
33. For how long does this child use screen entertainment on a typical weekday?  
____________________Hours _____________________Minutes 
 
34. For how long does this child use screen entertainment on a typical weekend day? 
____________________Hours _____________________Minutes 
 
35. Does this child have screen entertainment in their bedroom?   Yes ☐   No ☐   
 
36. How often does this child uses screen entertainment while eating dinner? 
Never or rarely ☐        1-3 times/week ☐               4-6 times/week ☐   Every day ☐   
 
37. At what age did your child started to walk independently?   _________________ months. 
 
 
Thank you for your time.  
We hope you have found this questionnaire interesting! 
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STUDY PROTOCOL Open Access
“GET-UP” study rationale and protocol:
a cluster randomised controlled trial to
evaluate the effects of reduced sitting on
toddlers’ cognitive development
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Abstract
Background: The educational and cognitive differences associated with low socioeconomic status begin early
in life and tend to persist throughout life. Coupled with the finding that levels of sedentary time are negatively
associated with cognitive development, and time spent active tends to be lower in disadvantaged circumstances,
this highlights the need for interventions that reduce the amount of time children spend sitting and sedentary
during childcare. The proposed study aims to assess the effects of reducing sitting time during Early Childhood
Education and Care (ECEC) services on cognitive development in toddlers from low socio-economic families.
Methods/Design: We will implement a 12-months 2-arm parallel group cluster randomised controlled trial (RCT)
with Australian toddlers, aged 12 to 26 months at baseline. Educators from the ECEC services allocated to the
intervention group will receive professional development on how to reduce sitting time while children attend
ECEC. Participants’ cognitive development will be assessed as a primary outcome, at baseline and post-intervention,
using the cognitive sub-test from the Bayley Scales of Infant and Toddler Development.
Discussion: This trial has the potential to inform programs and policies designed to optimize developmental and
health outcomes in toddlers, specifically in those from disadvantaged backgrounds.
Trial registration: Australian New Zealand Clinical Trials Registry: ACTRN12616000471482, 11/04/2016, retrospectively
registered.
Keywords: Sedentary behaviour, Physical activity, Childcare, Executive function
Background
The early years are critical in setting the trajectory of an
individual’s life. Healthy child development up to the age
of 5 years provides the basis for a prosperous and sustain-
able society [1]. The material and psychosocial context of
poverty adversely affects multiple aspects of development
in children [2, 3] and developmental deficits associated
with poverty start before birth and can be detected as early
as infancy [4, 5]. The best available knowledge on the
basic principles of neuroscience indicate that providing
supportive conditions for early childhood development is
more effective and less costly than attempting to address
the consequences of early adversity later [3]. Indeed, early
life experiences from birth to school entry are essential to
build strong neurodevelopmental trajectories crucial for
long-term social and occupational functioning [6].
Specifically, the first 5 years of life are important for
the development of executive functions (EFs). EFs are
often conceived as higher-order cognitive control pro-
cesses, which consist of three inter-related functions.
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The first, working memory, is involved in “holding infor-
mation in mind and working with it” [7], which is im-
portant for everything from understanding language to
mental mathematics and reasoning. Central to working
memory is the activation of information via attention.
Inhibition, by contrast, involves “inhibiting (or suppress-
ing) attention [or action] to other things in the environ-
ment (distracters) so you can stay focused on what you
want” [7]. Lastly, cognitive flexibility involves an ability
“to shift mental sets or see something from different
perspectives” [7]. Together, these cognitive control pro-
cesses enable us to perform the full range of everyday
and extra-ordinary tasks that are essential for adaptive
human function.
The cognitive control provided by EFs is essential for
the behavioural, emotional and social controls that
contribute to positive life trajectories. That is, ample
research has indicated a link between EFs and school
readiness, academic success, social and emotional devel-
opment, criminality and employment success [7]. More-
over, in the largest prospective study of self-regulation
conducted thus far conducted so far (1000 children who
were followed from birth to age 32), it was reported that
childhood self-control (at ages 3 to 11) predicted better
physical health, less substance dependence, higher per-
sonal finances and less criminal offending outcomes in
adulthood, following a gradient of self-regulation, even
after adjusting the analysis for IQ, sex, and social class
while growing up [8]. More than fixed trajectories of
self-regulatory development, this study also demon-
strated the malleability of self-regulation over time, as
well as improved trajectories when this occurred.
Early EFs are also considered the “biological founda-
tion for school readiness” [7, 9] and a better predictor of
academic achievement than IQ [10, 11]. It has been
shown that EF skills at the age of 4 years provided chil-
dren with an immediate advantage in the school learning
environment and a head start in maths and reading that
was maintained through to the age of 7 years [12].
Fitzpatrick et al. [13] reported that early working
memory (at the age of 29 and 41 months) predicted
later (at 74 months of age) classroom engagement,
number knowledge and receptive vocabulary, independent
of sex, non-verbal intellectual skills and socio-economic
status.
Cognitive development is affected by several socio-
economic and environmental factors. Disadvantaged
children usually experience less cognitive stimulation
and enrichment, watch more television, attend lower
quality childcare, and have poorer diets [14]. These chil-
dren may also be exposed to stressful environments and
receive less warmth, stability and support from their
families [14]. The cumulative effect of these risk factors
during a sensitive period of brain expansion and growth
can compromise neurocognitive development [5, 15].
Indeed, the educational and cognitive differences associ-
ated with low socioeconomic status begin early in life
and tend to persist throughout life [11, 16]. For example,
Lipina et al. [4] reported that infants (aged 6 to 14 months)
from disadvantaged families had, on average, less de-
veloped working memory and inhibitory control abilities
compared to those from non-disadvantaged families.
Evans and Schamberg [17] also reported a prospective as-
sociation between the duration of childhood poverty and
adult working memory, an association that appeared to be
explained in part by elevated chronic stress during child-
hood. Therefore, targeting EF, in early childhood in order
to improve school readiness and later academic success
seems crucial [18] and may constitute an important tool
to reduce the academic achievement gap between more
and less-advantaged children.
In a 2011 review, Diamond and Lee [18] identified six
types of interventions that successfully improve EFs in
children aged 4 to 12 years: computerised training; a
hybrid of computer and noncomputer games; classroom
curricula; adds-ons to classroom curricula; aerobic exer-
cise and martial arts and mindfulness practices. These in-
terventions have revealed that: (i) children with lower EF
(including those from socially disadvantaged backgrounds)
benefit the most from any EF intervention; (ii) EF training
in one area seems to transfer to other EFs, but this trans-
fer is limited; and (iii) executive demands need to be re-
peated and continually incremented [7, 18]. All of these
interventions have two important features in common:
first, “the programs tend to reduce stress in the classroom,
cultivate pride, joy and self-confidence, and foster social
bonding”; and second, “they do not expect children to sit
still for long—such expectations are not developmentally
appropriate, increase teacher-student tensions, and lead
some children to dread school and/or to be wrongly labels
as having Attention Deficit and Hyperactivity Disorder
(ADHD)” [18].
Although these types of interventions have been suc-
cessful from 4 years of age, recent evidence recommends
that they should start even earlier than the pre-school
period—i.e. between 1 and 2 years of age—to attenuate
the impact of disadvantage on the children’s cognitive
development [19, 20]. New ideas and new approaches
are therefore necessary [21].
It has been long recognised that PA is positively asso-
ciated with cognitive performance in school-aged chil-
dren (aged 4 to 18 years) [22] and across the lifespan
[23]. In infants, passive cycling for 2 months during the
first year of life resulted in positive motor (body control
balance, grasping), adaptive (hand–eye coordination)
and language gains (communication by facial expres-
sion, sounds, vocalizations, and babble) compared to
controls [24].
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Early childhood is also a critical period to establish
long-term sedentary and physical activity (PA) behaviours
[25]. Sedentary behaviour (SB) refers to waking activities
that do not increase energy expenditure substantially
above the resting level, while in a sitting or lying position
[26]. It has been suggested that SB should be explicitly
measured either for surveillance purposes or research
studies instead of being defined as lack of PA [27] as
sedentariness and PA are two independent and not mutu-
ally exclusive behaviours with potentially different effects
on development and health outcomes [28–31].
Studies assessing PA and SB levels in infants and tod-
dlers are scarce [32], particularly using objective mea-
sures of PA and SB. Recently, Cardon et al. [32]
summarised the literature and reported that PA rates are
low, infants and toddlers spend a large proportion of
their time being sedentary. Television viewing is already
common at these ages. For example, in the US it is esti-
mated that 17 % of 0–11 month old and 48 % of 12–23
months old children exceed the American Academy of
Pediatrics guidelines (<2 h/day) [33] and that 40 % of 3-
months old babies and 90 % of 2 years old toddlers
watch TV regularly [34]. Some studies have shown that
PA levels of children aged 0 to 5 years are typically low
and SB high [35–37]. In a meta-analysis of objectively
measured PA, Bornesteins et al [38] reported that pre-
schoolers spend on average only 5.5 % of their waking
time in moderate-to vigorous-intensity PA. Australian
pre-school children also are characterized as highly in-
active, with only 5 % meeting the current national rec-
ommendations of 3 h/day of PA [39]. ECEC settings may
be extremely inactive and sedentary environments [40]
with children spending only 15 % of their childcare day
engaged in PA [41] and up to 80 % of their day in seden-
tary activities [42]. This suggests that young children
may not be provided with the opportunity to move in
ways that are natural and developmentally appropriate
even at ECEC centres. This is particularly concerning,
given that several studies have reported beneficial associ-
ations between PA and several health indicators and de-
velopmental aspects in early childhood [43, 44] and also
the deleterious health effects of excessive SB [44].
High levels of SB (particularly screen time) during
early childhood have shown to be associated with higher
adiposity [44, 45], higher blood pressure [46], less bone
accrual [47], attention problems [48] language develop-
ment [49], psychosocial health [44, 50] and cognitive de-
velopment [44, 51]. However, a recent systematic review
showed that different types of SB may have different
associations with cognitive development during early
childhood: reading/being read to was positively associ-
ated with cognitive development in contrast to screen-
based activities [51]. Moreover, a longitudinal study has
documented that the time spent watching television
under the age of five was negatively related to cognitive
development, short-term memory and academic achieve-
ment 1 to 3 years later [52].
Evidence suggests that there are several neurological
pathways that may explain the adverse links between
sitting and cognitive development [30]. These include
pathways involving the birth of new neurons (neurogenesis)
that occurs mainly in the hippocampus, a critical area in
the brain for learning and memory processes. Prolonged
sitting may promote increased activation of stress systems
through its rapid effect on metabolic and inflammatory
pathways, and chronic stress activation may slow the rate
of neurogenesis. Sitting may also negatively affect synaptic
plasticity (creation of new or strengthening of existing
synaptic connections during learning) through pathways in-
volving insulin and adipose-driven leptin. Additionally,
Growth Factors (BDNF, VEGF, IGF-1) play multiple roles in
the survival and maturation of new neurons, which are
critical for neurogenesis, synaptic plasticity and angiogene-
sis (growth of new blood vessels); over-abundance of insulin
caused by prolonged sitting may suppress systemic IGF-1
signaling that promotes neuronal growth and repair. Since
insulin-sensitivity is disrupted shortly after breaking up pro-
longed sitting, IGF-1 signaling may also be affected. It is
known that PA improves cerebral blood flow due to in-
creases in artery diameter, the sprouting of new capillaries
from existing vessels, and the bioavailability of endogenous
nitric oxide. It has been hypothesized that prolonged sitting
decreases nitric oxide and may promote endothelium dys-
function [30]. Despite this evidence, the influence of PA
and SB on cognitive development in toddlers remains
poorly understood [44].
In this context, and in an attempt to respond to recent
calls on innovative approaches and fresh thinking on
how to improve cognitive development in disadvantaged
children [21], the primary aim of this study is to assess
the effects of reducing sitting time during ECEC on cog-
nitive development, in a cluster randomised controlled
trial with toddlers from low socio-economic families. It
is hypothesized that at 12-month follow-up, toddlers in
centres allocated to the intervention group will have im-
proved their cognitive development by 0.5 SD more than
toddlers in ECEC centres randomly allocated to the
control group. The secondary aims are to examine the
effects of reducing sitting time on toddler’s cardiovascu-
lar health and bone density.
Methods
Study design
We will implement a 12-months 2-arm parallel group
cluster randomised controlled trial. Cluster randomization
was chosen for practical reasons and to prevent contamin-
ation. The selection of the ECEC services (clusters) will
be based on the ECEC’ postcode using the Australian
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Socio-economic Indexes for Areas 2011 (SEIFA-Index
of Relative Socio-Economic Disadvantage) [53]. We will
consider the centres belonging in the first and second
quartile of this Index (extreme-low and moderate-low
socio-economic status) in the Illawarra Region, NSW,
Australia. Eight services will be randomly allocated to
the intervention group and eight to the control group.
Study context
Early childhood education and care for toddlers is not
compulsory in Australia. Australian children in their
toddler years are enrolled in Child Care by their families’
choice. In Australia, 22.2 % of children aged 0–1 year
and 54.1 % of children aged 2–3 years attend formal care
at least once a week (http://www.abs.gov.au).
There are four types of formal care in Australia being
Long Day Care, Occasional Care, Family Day Care and
In Home Care; these services must be registered and ap-
proved by the Department of Education and Communi-
ties to operate. The Government in each state regulates
Child Care Services. The following standards of practice
in Child Care are adhered to: The National Childcare
Accreditation Council Standards; Education and Care
Services National Regulations; Children Education and
Services National Law Act 2010; the Early Years Learning
Framework; the United Nations Conventions on the
Rights of the Child and the Australian Early Childhood
Code of Ethics. In Australia the ratio educators/childcare
workers per child is 1:4 for 0 to 1 year-olds and 1:8 for 2
to 3 year-olds (www.acecqa.gov.au).
ECEC services in Australia are income tested. Families
earning under $152,147/annum with one child are able
to apply for Child Care Benefit and Child Care Rebate
from the Government. The income threshold goes up
with each additional child in the family. However, the
eligibility for this benefit is also dependant on the child’s
immunisation status. The average fee for a Long Day
Care service is $102/day (www.abs.com.au).
Some Long Day Care Services provide all the neces-
sary meals of (breakfast, morning and afternoon tea and
lunch) whilst others may provide only a snack and parents
are required to bring lunch and other snacks. In the op-
tion of the latter, these services charge a lower fee than
those whom provide meals.
For the purpose of this study data will be collected
only in Long Day Care Services in NSW.
Ethics statement
The University of Wollongong’s Human Research Ethics
Committee approved the study (HE15/236) and this
RCT was registered in the Australian and New Zealand
Clinical Trials Registry (ACTRN12616000471482, 11/04/
2016, retrospectively registered) (see Additional file 1:
Table S1 for trial registration data details). Informed
written consents will be obtained from the Educators
and children’s parents or guardians. The study will be




This RCT will comprise 16 ECEC services from Illawarra
region in NSW, each of which must have at least one
class of at least 20 toddlers, from a low- to medium-
socioeconomic background [53]. All apparently-healthy
toddlers aged 12- to 26-months at baseline will be eli-
gible to participate if they attend the ECEC service at
least twice per week. We expect to recruit 18 partici-
pants per childcare services. Children will be considered
ineligible if they have a learning or physical disability,
born very preterm (<29 weeks of gestation) or have a
diagnosed medical or psychological condition that would
affect the results of this study.
Recruitment
After determining the eligible ECEC services, we will
perform a simple randomisation using a computerised
sequence generation to determine the order in which
eligible ECEC services will be invited to participate in
this study. Invitations will be performed by email and by
phone, requesting a face-to-face meeting with service
Director to outline the aims and procedures required for
this RCT.
If a selected ECEC service declines participating in the
study, an additional phone call and face-to-face meeting
will be made to the next eligible service on the list until
16 childcare services agree to participate in this RCT.
All toddlers enrolled in each class/ECEC centre will be
invited to participate in the study. We will send an invi-
tation letter and an information sheet outlining the aims
and procedures of the study to the toddler’s parents or
guardians. While no exclusion criteria will be applied for
participation in the study, to prevent any discrimination,
for analysis and reporting only toddlers eligible ac-
cording to the aforementioned inclusion criteria will
participate in the study.
Intervention
The intervention is based on Bandura’s Social Cognitive
Theory [55], which has been used extensively in behaviour
change interventions. Social Cognitive Theory posits that
behaviour is learned, modified and sustained through the
interplay of personal, behavioural and environmental
factors. The intervention will focus on these factors and
how they influence sitting behaviours. All components
of the intervention have been designed to address the
four key learning processes suggested by Bandura [56]
to enhance behaviour change (attention, retention,
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production, motivation). The intervention has also been
designed to target Social Cognitive Theory mediators,
such as educator self-efficacy [57].
The intervention has been designed in response to for-
mative research conducted by the authors within similar
ECEC services in disadvantaged locations. In 2013, 12
focus groups were held with educators from 11 services.
Educators were provided with data on how much time
children in their service spent sitting and asked to iden-
tify by how much they would like to reduce this propor-
tion of time. The most common reduction was 50 % of
the time currently spent sitting. Based on the propor-
tions presented above, this would result in reducing a
“typical” day (50 % of the time in childcare spent sitting)
to 25 % of the time spent sitting. Educators were then
asked to complete a daily routine log for their service,
which described the modifications that would take place
to allow the halving of time spent sitting. Researchers
then provided further ideas. The ideas provided by edu-
cators largely focused on changes to practices and modi-
fications to the physical environment. Included in these
ideas were ways to ensure no bouts of sitting exceeded
15 min. These example schedules will be used by each of
the intervention ECEC services to design their own daily
schedule to reduce total sitting time by 50 % and to re-
duce bouts of sitting to <15 min.
We mapped the intervention step-by step as proposed
by Robinson and colleagues [58]. We began by identify-
ing the target behaviours and then worked backwards to
define activities and strategies and potential mediators.
(see Figs. 1 and 2). To attain our goal of improving tod-
dler’s executive functions we will implement four main
strategies, which are based on the principles of the Ban-
dura’s Social Cognitive Theory: (i) Professional Develop-
ment for Educators, (ii) Provision of Resources and
Instrumental Materials (ii) Follow-up Support and (iv)
Performance Monitoring and Feedback (as described in
detail in Table 1), to reduce toddler’s total sitting time
by 50 % and to reduce bouts of sitting to less than
15 min, while toddlers are in the ECEC centre.
Table 2 describes in detail the main activities to be
proposed to the educators attending the professional de-
velopment workshop. As explained in Table 1, after the
professional development workshop further activities on
how to reduce total sitting time and sitting bouts can be
added to this list. The initial list of activities presented in
Table 2 includes changes in routine activities, changes in
the indoor environment and changes in the outdoor
environment.
Control Group
The Control Group will continue with their usual pro-
gram and will receive the intervention training and ma-
terials at the end of follow-up assessments.
Assessment of the Outcomes
Data collection will occur at baseline (before rando-
mization) and at the end of the intervention (Fig. 3 Partici-
pants Timeline). For those children who have turned 3 at
follow-up, an additional four executive function tasks will
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Fig. 1 Effects of reduced sitting time on toddlers’ cognitive development: a cluster randomized controlled trial. Intervention mapping. ECEC = Early
Childhood Education and Care
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be collected as described below. Trained research assis-
tants blinded to group allocation will collect all data.
Primary Outcome
Cognitive development Cognitive development and ex-
ecutive functions will be assessed using the cognitive
sub-test from the Bayley Scales of Infant and Toddler
Development—Third edition (Bayley-III) [59]. This sub-
test assesses sensorimotor development, exploration and
manipulation, object relatedness, concept formation,
memory, and problem solving. The Cognitive subset of
the Bayley scales will be applied and scored according to
standard procedures described in the Bayley-III manual
for the age of the child at the starting point. For those
children who have turned 3 at follow-up, an additional
four executive function from the Early Years Toolbox
will be used to ensure assessments are comprehensive.
These iPad-based tasks assess the three core aspects of
EF, and have been developmental and psychometrically
evaluated with large samples of preschool-aged children
[60]. All iPad apps have built-in auditory instructions so
the data collectors could ensure the participant under-
stood the instructions, clarified where necessary and
remained on task.
The Early Years Toolbox go/no-go task [61] evaluates
the ability to inhibit a dominant behavioural response in
response to a less frequently presented ‘no-go’ stimulus.
In this game, a child is asked to ‘catch the fish’ by tap-
ping on the screen when they appear (‘go’ response) and
‘avoid the sharks’ by not pressing anything when the
less-frequent sharks appear (‘no-go’ response). The task
is evenly split into three mixed blocks of 25 stimuli, each
consisting of 80 % ‘go’ trials, so as not to exceed 1 min
for each block and to provide participants with a short
break between each block. Animated stimuli (swimming
from left to right across the screen) are presented in ran-
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weight, number of days per week 
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and emotional development.
Mothers’ health status during 
pregnancy, family structure and Socio-
economic status
Fig. 2 Effects of reduced sitting time on toddlers’ cognitive development: a cluster randomized controlled trial. Potential mediators and moderators.
ECEC = Early Childhood Education and Care
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Table 1 Effects of reduced sitting time on toddlers’ cognitive development: a cluster randomized controlled trial. Intervention
strategies and activities and corresponding principles of Social Cognitive Theory
Activities and strategies Description Principle of Social Cognitive Theory
Provision of Professional Development
for the Educators
Educators will attend a 6 h professional
development workshop. The workshop
will begin by introducing the rationale
and aims of the study (1 h).
Self-efficacy:
. mastery experience;
Educators will then be asked to think
about ways to (i) modify routine activities
to reduce the total amount of sitting time
and reduce bouts of sitting to less than
15 min and (ii) to change indoor and
outdoor environment to reduce the total
amount of sitting time and the length of
the sitting bouts. (1 h).
. modelling
. persuasion
After this activity, the educators will be able
to rehearsal some of the proposed activities
in our laboratory (2 h and 30 min).
Learning process:
Finally, educators will be given further ideas
on how to reduce toddlers’ total sitting time
and reduce bouts of sitting to less than
15 min. Perceived barriers for the
implementation of the program and possible
solutions to overcome these barriers will
be discussed (1.5 h).
. attention,
. retention;
. production (goals and feedback, addressing
barriers, and behavioural rehearsal)
We will aim to train all educators from each
centre on the same day to ensure
standardization of content delivery.
Provision of Resources and
Instrumental Materials
After the professional development workshop
we will provide educators with supporting
written materials with the rationale, aims
and strategies/activities to reduce toddler’s
sitting time. We will provide them with
posters to be displayed in their classroom as
a reminder of the need to reduce sitting time.
A video demonstrating the proposed activities







Follow-up Support During the intervention period the educators
will receive monthly on-site visits from the
research team, to revise key activities and
behavioural strategies to reduce toddlers’
total sitting time and to follow up on the




Three months and six months after the start of
the intervention educators will attend an interactive
online webinar to follow-up on the intervention,
to share ideas and perceived barriers of the
intervention implementation and to address
possible solutions to overcome those barriers.
Learning process:
. retention;
. production (goals and feedback,
addressing barriers)
During the intervention period educators will
also receive regular emails and telephone calls.
. motivation
Performance Monitoring and Feedback During the monthly visits the research staff will
collect objective information on the total sitting
time and sitting bouts (by accelerometry) in a random
small sample of toddlers (10 %) to monitor the
implementation of the intervention. This performance
will be delivered to the educators, providing feedback






. production (goals and feedback,
addressing barriers)
. motivation
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interval between stimuli. Scores represent the product of
proportional go and no-go accuracy.
The Early Years Toolbox Mr. Ant task assesses visual-
spatial working memory, or the amount of visual infor-
mation that concurrently can be activated in the mind.
The child is presented with an image of a cartoon ant,
which has coloured dots on different spatial locations on
his body. Mr Ant, with his coloured dots, is presented
for five seconds, followed by a blank screen for four
seconds, and then an image of Mr. Ant without any
coloured dot appears and the participant indicates the
recalled locations by tapping on the recalled locations.
In the first level, with a single dot, children must
remember a single spatial location. The task proceeds
until the earlier of failure on all three trials at a given
level of difficulty or level eight (with the location of eight
coloured dots to recall). Performance is indexed by a
point score, such that each successive level with at least
two trials correct receives 1 point, and all correct trials
thereafter receive 1/3 of a point.
The third Early Years Toolbox task, a card sorting
task, is a measure of cognitive flexibility (the ability to
disengage and re-direct attention) [61]. In this task, chil-
dren are presented with stimuli, one at a time, which
vary in shape and colour (red rabbit and a blue boat).
Children are asked to sort the shapes into castles
Table 2 Effects of reduced sitting time on toddlers’ cognitive development: a cluster randomized controlled trial. Activities to be
proposed to educators
Activities Description of the activities for the educators
Routine activities
Action time story Role-playing stories. For example, when telling a story about a horse, every
time the children hear the word horse (or the horse character’s name) they
have to jump up and pretend to be a horse for 5 s. Repeat this throughout
the story. The group can be broken up into smaller groups of frogs,
crocodiles, horses etc. Where each group has to stand up at only their
prompt. This activity works for Executive Function abilities—working
memory—as children have to remember what animal they are and it
decreases sedentary behaviour.
Stand on a dot or a hoop to gather children as a group. Asking children to stand on a dot or in a hoop would replace sitting on the
floor to gather them as a group. This activity would still give the control and
structure of gathering and focusing the children, but reducing sitting time.
The children can also be gathered and asked to hold hands while waiting for
the others to arrive. In doing this children are making their own barrier and
focusing their attention on the group.
Musical painting table When the children are painting at a standing table, put on some music, after
2 min stop the music and the children have to put down their paintbrushes/
pencils and change spots around the table. Then the music starts and they
start painting again. The painting can be done on a big sheet of paper on
the table, or a sheet on the table, or on individual pieces of paper.
Apply sunscreen with the toddlers standing Have all children standing while applying the sunscreen.
Indoor environment
Locating play/learning spaces/areas near the wall By locating play/learning spaces/areas near the wall and leaving the centre of
the room with an open space, children have increased opportunities to move
freely from one place to other.
Standing table Remove the chairs away from the table so that the children can be standing
while painting, doing puzzles or other activities.
Move pencils/brushes away form the painting table Place the pencils and brushes in a separate table so that children can move
from one table to other to change pencils/brushes.
Move bins away from the tables during meal times Place the bins away from the tables during meal times, so that children need
to walk to bin after the meals.
Outdoor environment
Remove chairs and tables from the outdoor space Remove all equipment that promotes sitting (chairs and tables) from the
outdoor space
Use a tree in the yard as an easel Attach paper to the tree and do chalk rubbings of the bark from the tree.
Paper would be at standing height.
Painting along the fence with an old sheet In warmer days, paint along the fence with an old sheet with the children
standing.
Provide equipment that does not promote sitting (ex. balls) During outdoors free play provide toddlers with equipment that does not
promote sitting (ex. balls).
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(denoted by a blue rabbit and red boat) first by one
dimension (colour) and then, after six trials, by another
dimension (shape). Successful completion of at least five
pre-switch and post-switch trials results in administra-
tion of a border version of the task, in which children
must flexibly switch between these sorting rules depending
on whether the stimulus does or does not have a border.
Scores represent the number of correct trials once the
initial switch has been made.
Cognitive assessments and EF tests will be conducted
individually in a private area and will be scheduled on
separate days, where possible, to minimise cognitive
fatigue.
Secondary Outcomes
Sitting time Total time spent sitting and bouts of sitting
during childcare hours will be assessed over a 1 week
period using an activPAL accelerometer [62]. The activ-
PAL (PAL technologies, Glasgow) is small (53 x 35 x
7 mm) and lightweight (15 g) and is placed on the front
of the upper thigh (using a small hypo-allergenic adhe-
sive gel patch, and covered with a transparent sticky film
to secure it) allowing it to measure different postures
(eg, sitting, standing). Concurrent and criterion validity
of the activPAL for sitting time measures, as well as for
interruptions (breaks—defined as the number of transi-
tions recorded from “sit/lie” posture to “stand”) in SB
have been established for young children [62–64].
Physical activity and sedentary time Levels of physical
activity and sedentary time over a usual week will be
measured using Actigraph GT3X+ accelerometers. Acti-
graphs are small, light and unobtrusive devices worn on
a belt around the waist. These accelerometers have
established validity and utility in toddlers [65, 66]. These
devices can collect very high-frequency raw data (30 Hz),
which will be reintegrated and analysed according to best-
practice methodologies at the time of analysis. Participants
will be asked to wear the accelerometer for 24 h/day over
7 days (except for water activities), and parents will be
asked to register in an activity monitor log the times that
the accelerometers was removed from the child.
Demographics Demographic and family lifestyle vari-
ables will be assessed with a family survey. This survey
will include the following variables: parents/caregiver’ age,
gender, marital status, Indigenous/Torres Strait Islander
origin; child’s gestational age at birth; family structure and
family socio-economic status. Family socio-economic sta-
tus will be assessed by the family postcode address using
the Australian Socio-economic Indexes for Areas 2011
(SEIFA-Index of Relative Socio-Economic Disadvantage)
[53] and also with a modified version of the Graffar index
[67] which includes the highest level of schooling com-
pleted, income, main source of income and type of em-
ployment (job title). The family survey will also assess
parental height and weight and smoking and alcohol
habits [68, 69].
Sleep Sleeping patterns will be assessed with the Tayside
Children’s Sleep Questionnaire [70, 71]. This 10-item
scale evaluates the child’s ability to initiate and maintain
sleep. The family survey also asks parents to report their
child’s total sleeping time per day. Sleep duration will
also be objectively measured with the Actigraph GT3X+
accelerometers.
Psychological adjustment Educators will assess chil-
dren’s psychological adjustment with the extended ver-
sion of the Strengths and Difficulties Questionnaire
(SDQ). This questionnaire asks about the emotional
symptoms, conduct problems, hyperactivity-inattention,
peer problems and pro-social behaviour of the child
[72, 73].
Anthropometrics We will measure weight, height and
waist circumference according to standard procedures
ECEC = Early Childhood Education and Care.
Random selection of 16 
ECEC Services
Invitation to the ECEC services to 
participate by email and by phone
Face-to-face meetings with potential 





8 ECEC services 
control group







Follow – up assessments (3 months)
Fig. 3 Effects of reduced sitting time on toddlers’ cognitive
development: a cluster randomized controlled trial. Participants Timeline
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[74]. Body height will be measured to the nearest 0.1 cm
in bare or stocking feet with the child standing upright
against a portable stadiometer (Seca 254 Hamburg,
Germany). Body weight was measured to the nearest
0.10 kg, lightly dressed (and without diapers) using a
portable electronic weight scale (Seca 254 Hamburg,
Germany). Waist circumference will be measured with a
non-elastic tape at the top of the iliac crest [75, 76].
Blood pressure Blood pressure will be measured with a
digital vital signs monitor using an appropriate size cuff
(WelchAllyn PROBP 3400 series, Skaneateles Falls, NY:
USA), in a quiet room between 7 and 9 a.m. Two mea-
surements will be taken after 5 and 10 min of rest with
the participant in a sitting position, with the arm relaxed
and supported so that the cubital fossa is at the level of
the heart. Measurements will be taken from the right
arm using an appropriate cuff size. A third measurement
will be taken if the difference between the previous two
measurements was more than 2 mm Hg [77–79].
Retinal microvasculature Changes in the retinal micro-
vessels are believed to precede chronic conditions such
as heart disease and diabetes [80, 81]. Retinal microvas-
culature will be assessed by retinal photography, as a direct
and non-invasive visualization of the body’s microvascula-
ture. The image of each eye will be recorded using a port-
able retinal camera (Optomed Smartscope Pro, Finland)
according to the manufacturer instructions. The child will
be asked to look into the camera and focus on the red dot
that will be floating in their visual space. Once the eye is
focused and in the right position, a photo will be taken of
each eye [82]. Images will be analysed for arterial and
venular diameters, arteriovenous ratio and vessel tortuosity
using appropriate software.
Bone mineral density Bone mineral density will be
assessed using a portable ultrasound bone sonometer
(Pediatric Sunlight MiniOmni, BeamMed Ltd., Israel)
which non-invasivly measures bone speed of sound (in
meters per second). Results and then expressed as
age- and gender-matched Z-scores and percentiles.
The measurements will be performed on the left leg at
the mid-tibia (point between the apex of the medial
malleolus and the distal patellar apex), while the
participant and the operator are comfortably seated,
according to the protocols recommended by the
manufacturer (www.beammed.com).
Mother’s health during pregnancy The family survey
will assess several variables about the mother’s health
during pregnancy that are known to be related with our
primary outcome and/or cardiovascular health of the chil-
dren. We will assess weight gain during pregnancy [83],
weeks of gestation [84], type of birth delivery (vaginal de-
livery, instrumental vaginal delivery or caesarean) [85, 86],
singleton and multiparous pregnancy [87], health prob-
lems during pregnancy (Hypertension or Pre-eclampsia,
Gestational Diabetes, Type II Diabetes, Type I Diabetes,
Vitamin D deficiency, Anaemia, Cardiovascular disease,
Thyroid dysfunction) [88–92] smoking and alcohol con-
sumption during pregnancy [93], vitamins supplementa-
tion and physical activity habits [94].
Educators’ demographics and self-efficacy Educator’
age, gender, level of schooling, qualification and years of
experience will be self-reported. Educators will also
complete a modified version of the teacher self-efficacy
scale of Bandura [95]. The questionnaire will assess in-
structional self-efficacy; disciplinary self-efficacy and self-
efficacy to create a positive childcare climate.
Childcare environmental rating We will rate ECEC
centres with the Infant/Toddler Environment Rating
Scale-revised edition (ITERS-R). This scale is designed
to assess the structural and process quality of early
childhood programs. The scale contains 39 items that
comprise seven subscales: (i) space and furnishings; (ii)
personal care routines; (iii) listening and talking; (iv)
activities; (v) interaction; (vi) program structure; and
(vii) parents and staff [96].
Sample Size
Sample size and power calculations
We anticipate an effect size of 0.5 for the between-group
difference in cognitive development and an intraclass
correlation (ICC) of 0.01–0.05. The proposed design has
16 services (8 per group) and 16 children completing
per service. Allowing for participation of 18 eligible
children with two dropouts per service [10 %] gives a
total sample size of 256. This reduces to an effective
sample size of 200–254 (with rounding) based on ICCs
of 0.05−0.01. The power to detect an effect size of 0.5
with these sample sizes ranges from 0.87–0.96 at an
alpha level of 0.05.
Randomisation and allocation
Research assistants will conduct baseline assessments
before randomization. ECEC services will be randomly
allocated to either intervention or control condition. We
will create a randomization sequence using excel 2011
(Microsoft, Redmond, WA, USA) with a 1:1 allocation
using random block sizes of 2, 4 and 6. An independent
statistician will conduct this procedure and the data
manager will perform the random allocation of services.
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Blinding
Randomization and group allocation will be blinded for
the data collectors of this RCT.
Implementation
Process evaluation will include fidelity of the implemen-
tation, consistency of the implementation across ECEC
services, and barriers to implementation. To assess
fidelity and consistency of the intervention, educators
will complete a weekly checklist documenting the
activities that were undertaken in the ECEC centre.
During the intervention period educators will receive
monthly visits from the research team for process
evaluation. During these visits we will assess objective
information on the sitting time in a small random sam-
ple (10 %) of toddlers to monitor the implementation
of the intervention. On these occasions we will also
assess the educators’ perceived barriers of the interven-
tion implementation with semi-structured interviews.
Attendance rates for each child will also be collected to
account for the dose of intervention received.
Data Management
In compliance with the University’s policies, all study-
related information will be stored securely at the
University, in locked filing cabinets in locked offices,
and will be treated as strictly confidential.
Data will be entered directly into existing, secure on-
line or offline databases. All databases are secured by
password-protected access systems. For quality control
of data entry, another member of the research team will
do a random check of data entry quality in 10 % of sam-
ple cases. The confidentially and anonymity of the data
will be secured through a coding system of the partici-
pants. Re-use of the anonymised data will be made avail-
able for future projects by arrangement. All participants
will also have access to their own results. A data moni-
toring committee will not be established due to the fact
that the interventions poses no risk to the participants.
Statistical analysis
Primary analysis
Analysis of the primary outcome will be conducted
using a linear or generalized mixed model in STATA
14.0 (or higher). The mixed model will contain a ran-
dom effect for time and service nested within group.
Degrees of freedom will be altered manually in the code
to adjust for the effect of clustering. These established
procedures are well documented by Murray [97] and
have been used previously by our research institute to
analyse a similar study in primary schools [98]. No in-
terim analyses are planned.
Secondary analyses
Mixed models will also be used to analyse the differences
between treatment and control groups for all continuous
secondary outcome variables.
Mediation and moderation analyses
Two types of analyses will be conducted to explore the
theoretical assumptions of the intervention. First,
hypothesised mediators of change in cognitive develop-
ment (e.g., educator self-efficacy) will be examined using
multilevel linear analysis and a product-of-coefficients
test appropriate for cluster RCTs. Potential moderators
of the intervention effects (e.g., child age and gender)
will also be explored using multi-level modelling.
Discussion
Evidence suggests that early childhood development is
critical for the establishment of the foundations for fu-
ture learning, and social and health outcomes [6, 7] and
even small improvements in cognitive development and
EF during early childhood “could shift the entire distri-
bution of outcomes in a salutary direction and yield
large improvements in health, wealth and crime rate for
a nation” [8]. The proposed RCT represents the first
study aimed to assess the effects of decreased sitting on
cognitive development and EF in toddlers. The results of
this study could significantly inform SB and PA guide-
lines for the early years, as SB experimental studies and
studies with toddlers using objectively-measured SB and
PA have been identified as critical to enhance the quality
of the evidence base [99, 100]. Moreover, research re-
garding the potential harms of excessive sitting and
benefits of PA in toddlers are scarce [32, 44] and a call
has been made for further research on cognitive and
psychosocial development to inform SB guidelines for
the early years due to the lack of evidence in this area
[101]. This RCT aims to address this knowledge deficit.
This RCT will also take an innovative approach and use
unique methodologies to significantly increase current un-
derstanding. In children SBs such as television viewing
and overall screen time have been commonly studied and
rely on parent-proxy reports; however, they do not repre-
sent the total amount of habitual sedentary time. This
project will provide new insights on SB and cognitive
development in toddlers by: (i) including direct compre-
hensive and standardized measures of cognitive develop-
ment for young children; (ii) objectively assessing SB and
PA with accelerometry (iii) testing independent associa-
tions of SB and cognitive development (e.g. adjusting the
analysis for PA levels); (iv) testing mediators of change in
cognitive development and moderators of the intervention
effects and (v) using a cluster RCT design which is critical
for establishing cause and effect relationships and dose-
response associations.
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Through better understanding of the effects of redu-
cing sitting time on cognitive development and EF in
disadvantaged toddlers, this RCT has the potential to in-
form programs and policies designed to optimize develop-
mental and health outcomes in young children, specifically
in those from a disadvantaged backgrounds.
This project has the potential to inform future govern-
ment policies and programs focused on SB and PA such as
updating the National Physical Activity Recommendations
for Children 0–5 years [102].
In conclusion, the knowledge generated by this project
could be beneficial, nationally and internationally, for: i)
parents aiming to optimize developmental outcomes for
their children; ii) early childhood educators, clinicians,
health care providers, and health promoters, aiming to
enhance developmental outcomes in young children
through intervention programs; iii) government depart-
ments seeking to develop evidence-based guidelines; and
iv) researchers seeking to evaluate and translate effective
programs to give young children the best start in life.
Additional file
Additional file 1: Table S1. Effects of reduced sitting time on toddlers’
cognitive development: a cluster randomized controlled trial. Trial registration
data. (DOCX 76 kb)
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Abstract
Background: For effective public health and surveillance it is important to document the proportion of young children
who meet the new Australian Integrated 24 h Movement Guidelines for the Early Years and how these associate with
health outcomes. We aimed to (i) assess compliance with the new Integrated 24 h Movement Guidelines for
the Early Years in a sample of Australian toddlers; and (ii) ascertain whether compliance with the guidelines
associates with weight status.
Methods: The sample comprised 202 toddlers (104 girls) aged 19.74 ± 4.07 months from the GET UP! Study. Participants
wore accelerometers (Actigraph GT3X+) for 24 h over 7 consecutive days to assess physical activity, sedentary time and
sleep. Parents reported participants’ screen time. Weight and height were measured and body mass index (BMI) z-scores
by age and sex were calculated. Analysis of Covariance (ANCOVA) was performed to test differences in BMI
z-scores between participants complying with (i) none or any individual guideline, (ii) any combination of
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Background
Overweight and obesity during childhood are major
public health concerns. Globally it is estimated that 6.7%
of children under the age of 5 are overweight or obese
and it is expected that this prevalence will reach 9.1% by
2020 [1]. In Australia, the prevalence of overweight and
obesity in pediatric ages has increased substantially in
the last two decades, particularly among those from low
socio-economic backgrounds [2, 3]. Although the preva-
lence has leveled off somewhat over the past decade [2, 3],
there are still 1 in 5 Australian children aged 2 to 4 years
who are overweight or obese [4]. These figures are par-
ticularly disturbing given the plethora of short term and
long-term adverse health consequences associated with
childhood overweight and obesity [5, 6].
From a movement perspective, sleep, sedentary behav-
ior and physical activity represent a continuous range of
movement (from none/low to high) with a daily time al-
location of these behaviors representing portions of a
24-h period [7, 8]. The new evidence-based Canadian
and Australian Integrated 24-h Movement Guidelines
for the Early Years acknowledge this movement con-
tinuum over the 24-h period and provide guidance for
each of the behaviors that compose the whole day: sleep,
sedentary behavior and physical activity [9]. For effective
public health and surveillance, it is important to docu-
ment the proportion of young children meeting each of
these guidelines as well their combination and how these
associate with health outcomes.
Studies have shown that time spent in each of these
behaviors generally associate with early childhood adi-
posity, despite some mixed findings [10–16]. However,
there are only a few studies with toddlers looking at the
relationship between each of movement behaviors and
their combination with adiposity [13–16].
In this context, the aims of this study were to (i) assess
compliance with the new Integrated 24-h Movement
Guidelines for the Early Years in a sample of Australian
toddlers; and (ii) ascertain whether compliance with the
guidelines associates with weight status.
Methods
Study design and sampling
This paper reports on a cross-sectional analysis of the
baseline data from the Get Up! Study, a cluster random-
ized controlled trial aimed to evaluate the effects of
reduced sitting on toddlers’ cognitive development. De-
tailed description of sampling, rationale and data collec-
tion procedures of this study are described elsewhere
[17]. Briefly, baseline data were collected in 2016 in 335
apparently healthy toddlers (155 girls), i.e. without any
medication or medical diagnosis of physical or mental
impairment, aged 19.8 ± 4.08 months; of these, 284 had
valid accelerometer data and 202 had data on screen
time. Therefore, the final sample for this paper com-
prises 202 toddlers (aged 12 to 28 months).
The Get Up! Study was conducted in accordance with
the Helsinki Declaration for Human Studies and ap-
proved by the University of Wollongong’s Human
Research Ethics Committee (HE15/236) and the RCT
was registered in the Australian and New Zealand
Clinical Trials Registry (ACTRN12616000471482, 11/04/
2016, retrospectively registered). Informed written con-
sent was obtained from children’s parents or guardians.
Measures
Physical activity, sedentary time and sleep
Physical activity, sedentary time and sleep over a usual
week were measured with Actigraph GT3X+ accelerom-
eters. These accelerometers have established validity and
utility in toddlers [18, 19]. Participants were asked to
wear the accelerometer, attached tightly on the right hip,
for 24 h/day over 7 consecutive days and parents and
educators were asked to register, in an activity monitor
log, the times that the accelerometer was removed from
the child, as well as the naps and night sleep hours. Data
were collected using a sampling rate of 30 Hz and then
reintegrated into 15 s epoch for analysis.
Considering the accelerometers logs, data files from
individual participants were manually and visually
screened to detect naps, nighttime sleep periods and
non-wear time. Participants had to have at least 1 day
(i.e. one period of 24-h) with accelerometer data to be
included in the analyses. After screening was completed,
the raw activity ‘counts’ were processed for determining
the time spent in sedentary behaviors and different phys-
ical activity intensities.
Accelerometer cut-points for toddlers were used as fol-
lows: sedentary time < 25 counts/15 s; 25–420 counts/
15 s; moderate to vigorous physical activity (MVPA) > 420
counts/15 s [18]. A bout of sedentary time was defined as
a period of time that was maintained completely at an in-
tensity level of less than < 25 counts/15 s, for one hour or
longer. Accelerometer data were analyzed using an auto-
mated data reduction program (ActiLife Software, version
6.12.1 for Windows).
Body mass index
Body height was measured to the nearest 0.1 cm in bare
or stocking feet with the child standing upright against a
portable stadiometer (Seca 254 Hamburg, Germany).
Body weight was measured to the nearest 0.10 kg, with
the child lightly dressed (and without diapers) using a
portable electronic weight scale (Seca 254 Hamburg,
Germany). Body mass index (BMI) was calculated as
weight(kg)/ height(m)2. BMI Z-scores by age and sex
were calculated. Participants were classified as underweight,
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normal weight, overweight or obese according to the World
Health Organization age and sex specific criteria [20].
Screen time
Parents were asked to report the child’s screen time by
answering the following questions: “For how long does
your child use screen entertainment on a typical week-
day?” and “For how long does your child use screen en-
tertainment on a typical weekend day?” Time reported
in both questions was summed as follows: (screen time
weekdays * 5 + screen time weekend days *2) / 7 = aver-
age screen time per day.
Socio-economic status
Family socio-economic status was assessed using the
family postcode address as a proxy-measure of the child
socio-economic status, according to the Australian
Socio-Economic Indexes for Areas 2011 (SEIFA-Index of
Relative Socio-Economic Disadvantage) [21].
Operational definitions of the integrated 24 h movement
guidelines
Physical activity
Participants were classified as meeting the physical activ-
ity guideline if they averaged at least 180 min per day of
physical activity of any intensity (i.e., light, moderate or
vigorous intensity physical activity), including at least
1 min of MVPA, as the guidelines for physical activity
include “some energetic play” within these 180 min of
physical activity.
Sedentary behavior
Participants were classified as meeting the sedentary be-
havior guideline if they had concurrently (i) no bouts of
sedentary time lasting one or more hours; and (ii) no
screen time (for those aged ≤ 24 months) or less than
1 h/day of screen time (for those aged > 24 months).
Sleep
Participants were classified as meeting the sleep guide-
line if their average sleep duration was between 11 and
14 h per 24-h, including nap(s) and night time sleep.
Statistics
Descriptive characteristics are presented as means and
standard deviations (SD) for continuous variables and as
percentages for categorical variables. Two-tailed Student
t-tests or Mann-Whitney U Test and Chi-square tests
were performed to assess gender differences for continu-
ous and categorical variables, respectively.
For descriptive purposes only, consistency of bedtime
and wake up time was calculated as the intra-subject
standard deviation of the average bedtime and wake up
time of each participants that had at least 2 days of
accelerometer data (n = 173).
Analysis of Covariance (ANCOVA) was performed to
test differences in BMI z-scores between participants
complying with (i) none or any individual guideline, (ii)
any combination of meeting two guidelines, and (iii)
those who met all three guidelines, adjusting for child
age, gender and socioeconomic status.
A 0.05 level of statistical significance was considered.
Data analysis was performed using IBM SPSS®, version
24.0 (SPSS Inc., Chicago, IL, USA).
Results
Descriptive characteristics of the participants are pre-
sented in Table 1. Boys had on average less sedentary
time than girls (p < 0.05). None of the participants had
sedentary bouts of 1 h or more. The percentage of over-
weight and obese participants was 22.8 and 4%, respect-
ively. Regarding accelerometer wear time, 14.4% of
participants had 1 day (i.e. one 24-h period) of acceler-
ometer data, 4% had 2 days and 81.6% had 3 or more
days of accelerometer data; and children were monitored
on average for 5.14 ± 2.27 days. Average accelerometer
wear time was 1297.4 ± 93.0 min per day.
Figure 1 shows the proportion (%) of toddlers meeting
no guidelines, one guideline and combinations of the
three guidelines. Most of the sample (96.5%) met the
physical activity guideline, but only 11.4% met the sed-
entary behavior guideline. Only 2.5% of the sample did
not meet any of the guidelines, 16.3% met at least one
guideline, 72.3% met at least two guidelines and 8.9% of
the sample met all three guidelines. Children that met
the physical activity guideline had at least 15.5 min/day
of MVPA. The Figure - Additional file 1, shows the pro-
portion (%) of toddlers meting no guidelines, physical
activity, sedentary behavior, sleep guidelines and the
combinations of these guidelines, separately for girls and
boys. No significant differences were found between
genders regarding the proportion of toddlers meeting
the guidelines (X2 = 0.929, p = 0.629).
As shown in Figs. 2, 3 and 4 and Additional file 2 aver-
age BMI Z-scores did not differ between children who
met none or single guidelines, any combination of meet-
ing two guidelines, or all three guidelines (p > 0.05).
Discussion
Using 24-h accelerometer data, we found that just under
10% of toddlers met all three of the current Australian
24 h Movement Guidelines for the Early Years. Nearly
the whole sample (96.5%) met the physical activity
guideline and only 11.4% met the sedentary behavior
guideline. Our results are consistent with those reported
for Canadian toddlers and Australian and Canadian pre-
schoolers. The reports of Lee et al. [22], Chaput et al.
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[23] and Cliff et al. [24], in this supplement, also show
that the majority of young children met the physical
activity guideline and that 15% or less met all three
guidelines of the 24-h Movement Guidelines for the
Early Years.
As none of the participants had sedentary bouts of 1 h
or more, these 11.4% that met the sedentary behavior
guideline reflects the amount of children meeting the
screen time component of the sedentary behavior guide-
line; which is of concern given the potential long-term
health impacts of excessive screen-based sedentary be-
haviors during the first years of life [16]. In our study,
girls spent on average more time in sedentary behaviors
than boys, a finding that is consistent with previous
studies in older children [25–27] but contradicts others
[28–31]. In this respect, it is important to notice that the
correlates of sedentary behavior appear to be dependent
on the type and context of the behavior, as well as
how sedentary behavior is assessed [27–33]. Also, as
sedentary behaviors seem to track from early child-
hood to middle childhood [34] and from childhood to
adolescence [35, 36] efforts to limit the amount of
time spent in sedentary pursuits from an early age
are therefore necessary.
The proportion of overweight and obese children in
our sample (26.8%) is higher than the most recent data
for Australian toddlers and pre-schoolers (22.8%) [4],
most likely because our study was conducted with chil-
dren living in low socio-economic areas. Average BMI
Z-scores did not differ significantly between children
who complied with none or any individual guideline, any
combination of meeting two guidelines, and those who
met all three guidelines (p > 0.05). Although the differ-
ences were not statistically significant, participants who
accomplished any combination of two guidelines or all
three guidelines appear to have a lower BMI Z-score,
than those complying with one of the guidelines or
none. These results are in line with the systematic re-
views presented in this supplement, where in children
Fig. 1 Venn diagram showing the proportion (%) of toddlers meeting
no guidelines, physical activity, sedentary behavior, sleep guidelines
and the combinations of these guidelines in the full sample (n = 202)
Table 1 Participants Characteristics (mean ± standard deviation)
Total Sample (n = 202) Girls (n = 104) Boys (n = 98) pc
Age (months) 19.74 ± 4.072 19.76 ± 4.05 19.71 ± 4.12 0.884
BMI (kg/m2) 17.95 ± 1.64 17.78 ± 1.71 18.14 ± 1.56 0.427
BMI z-scores 0.07 ± 0.93 0.06 ± 0.98 0.08 ± 0.89 0.934
Total physical activity (min/day) 294.97 ± 59.03 289.98 ± 57.92 300.27 ± 60.02 0.109
Light physical activity (min/day) 237.65 ± 44.92 235.95 ± 45.14 239.45 ± 44.86 0.351
Moderate to vigorous physical activity (min/day) 57.32 ± 21.40 54.03 ± 18.42 60.82 ± 23.77 0.055
Sedentary time (min/day) 262.77 ± 60.16 271.18 ± 59.97 253.85 ± 59.37 0.025
Screen time (min/day) 76.38 ± 62.81 77.71 ± 71.98 74.97 ± 51.66 0.557
Sleep time (min/day)a 739.66 ± 73.96 731.18 ± 72.25 784.66 ± 75.05 0.126
Consistency of bedtime (standard deviation of
average bedtime in min)b
44.71 ± 31.12 42.51 ± 23.42 47.05 ± 37.61 0.907
Consistency of wake up time (standard deviation
of average wake up time in min)b
45.56 ± 36.42 47.53 ± 45.8 43.5 ± 22.71 0.410
Accelerometer wear time (min/day) 1297.40 ± 93.00 1292.34 ± 95.06 1302.78 ± 90.93 0.355
BMI body mass index
aincluding nap(s) time
banalysis performed on a subsample of 173 toddlers with at least 2 days of accelerometers data
cCompares genders with Two-Tailed T-test (BMI) or Mann Whitney U Test (all other variables
Bold significant difference between boys and girls (p<0.05)
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aged 0 to 4 years, the associations between adiposity
and sedentary time, screen-based sedentary behaviors,
shorter sleep duration and lower levels of physical
activity, as well as the combination of these were pre-
dominantly unfavorable or null [13–16]. Our results
also agree with those presented by Lee et al. [22] and
Chaput et al. [23] for Canadian toddlers and pre-
schoolers, in this supplement; but contrast with previ-
ous findings in older children and adolescents, where
such associations were mainly unfavorable [37–40].
Indeed, it seems less likely to find significant associa-
tions between the behaviors that are included in the
24-h movement guidelines and adiposity in samples
of apparently healthy toddlers, as the deleterious
effects of accumulating low physical activity levels,
short sleep, higher sedentary time and sedentary
screen-based activities on adiposity are likely to
Fig. 2 Average BMI Z - score per group according to the
accomplishment of each of the 24 – hour Movement GuidelinesBars
represent mean values and error bars represent standard errors.
Fig. 3 Average BMI Z - score per group according to the
accomplishment of combinations of two 24 – hour Movement Guidelines.
Bars represent mean values and error bars represent standard errors
Fig. 4 Average BMI Z - score per group according to the
accomplishment the 24 – hour Movement Guidelines. Bars represent
mean values and error bars represent standard errors
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manifest over time, as children get older. Neverthe-
less, our study is unique in the sense that we mea-
sured objectively all movement behaviors over a 24-h
period with accelerometers (except screen time) and
therefore, direct comparisons with previous studies
that used different assessments tools, over different
periods of the day, including proxy reports, in tod-
dlers, should be made with caution.
Our study is not without limitations. First, we used
accelerometer’s cut-points that were developed for
slightly older toddlers that those included in our sam-
ple (24 months versus 19 months) [18]; and as chil-
dren’s motor development changes rapidly during the
first 2 years of life, the use of this cut-points may
have potentially introduced some measurement in-
accuracy. Second, our inclusion criteria was limited to
1 day with 24-h of accelerometer data, which may
not be representative of a child’s usual movement be-
havior; however, the majority of our sample (81.6%)
had at least 3 days of accelerometer wear time and
children were monitored on average for 5 days, which
is consistent with previous data in older children [41].
Other limitations include the cross-sectional design of
our study, which precludes establishing causality and
the fact that we did not consider other potential con-
founders in our analysis, such as dietary intake.
Finally, our sample is not nationally representative
and therefore our results may not generalize to the
Australian population.
As prevalence estimates affect public health policies
and interventions, it is paramount that the prevalence
rates are measured as accurately as possible. In this
sense, the use of 24-h accelerometer data is the greatest
strength of this study.
Conclusions
Using 24 h accelerometer data, we found that just
under 9% of our sample of toddlers met all three of
the current Australian 24-h Movement Guidelines for
the Early Years, which was mainly due to the low
compliance of the sedentary behavior guidelines
(11.4%) (i.e. screen time component). The large ma-
jority of the sample (96.5%) met the physical activity
guideline. BMI was not associated with the accom-
plishment of the 24-h Movement Guidelines. Further
studies with more robust designs and larger samples
are necessary to confirm or rule out our findings.
Strategies to promote adherence to the 24-h move-
ment guidelines in toddlers, particularly for screen
time, are necessary, as promoting health-related be-
haviors in early childhood has the potential to provide
children a strong foundation for lifelong physical and
mental health.
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A B S T R A C T
The aim of this systematic review was to summarize ECEC environmental correlates of weight status in children
under the age of 6 years. Six databases (PubMed, PsycINFO, CINAHL, SPORTDiscus, Scopus, and Web of Science)
were searched until March 2017. Observational studies examining the relationship between ECEC environmental
characteristics and weight status in children aged 0–6 years were included. Data was extracted using a prede-
signed form. Eight studies, representing 4862 children, met the inclusion criteria. Twenty-two environmental
characteristics were identified and classified into four domains (physical, political, economic, and sociocultural);
of these, six correlates were found. ‘Active environment’ ‘sedentary opportunities’, ‘active play time’, ‘high sugar
and high fat served’, ‘educators' weight’ and ‘educators' habitual physical activity level’ were associated with
weight status in young children. However, for most environmental characteristics examined, strong evidence is
not available yet, due to variations across studies on the measures of environmental characteristics and analy-
tical methodologies. Stronger empirical evidence in greater quantity is needed. Future studies in this area are
recommended to investigate the environmental influence using an ecological approach and to examine the
potential mediators, with a focus on the settings of family-based centres and samples representing toddlers and/
or infants.
1. Introduction
During the last 20 years, the global prevalence of overweight and
obesity among children under the age of 5 years has increased from
4.2% to 6.9% (De Onis et al., 2010). In 2014 alone, 41 million children
in that age group were overweight or obese, worldwide (WHO, 2016).
This is a global public health challenge; because the first five years of
life are considered a critical period for the development of obesity, due
to the occurrence of the adiposity rebound (Whitaker et al., 1998) and
the establishment of dietary and physical activity habits that are likely
to track through the life course (Kelder et al., 1994; Birch and Fisher,
1998; Trost et al., 2003; Kuh and Shlomo, 2004).
Excessive weight in early childhood can be associated to several
disadvantageous health outcomes (Moss and Yeaton, 2014). For ex-
ample, accelerated weight gain during early childhood is associated
with elevated inflammatory markers and blood pressure, which in turn
are linked to long-term vascular damage (Skinner et al., 2010; Law
et al., 2002; Vale et al., 2015), increased adiposity later in life (Ekelund
et al., 2006) and coronary events in adulthood (Barker et al., 2005).
These indicate the importance of identifying the factors influencing
young children's weight status.
Although the interaction between the environmental and genetic
factors could determine individual's weight status (Hill, 1998), re-
searchers have increasingly concurred that not genetic, but environ-
ment factors, drive today's obesity epidemic, primarily because the
prevalence of obesity has increased rapidly, whereas genes have
http://dx.doi.org/10.1016/j.ypmed.2017.10.002
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remained relatively unchanged (Hill, 1998; Hill et al., 2003; Witten,
2016; Casey et al., 2014). An obesogenic environment, i.e. an en-
vironment that provides inexpensive energy-dense foods, discourages
physical activity and promotes sedentariness (Swinburn et al., 1999), is
more likely to influence young children's weight status, who cannot
make informed health-related choices for themselves (Hill et al., 2003;
Nutbeam et al., 1989; Patrick and Nicklas, 2005). In order to help
young children maintain a healthy weight and reduce the risk of
overweight and obesity, it is important to optimise the environments of
settings frequented by them.
As the number of women in the workforce increases, Early
Childhood Education and Care (ECEC) centres have become major
settings of childcare. In 2011, approximately 60% of U.S. children
under five attended some form of ECEC centres (Laughlin, 2013) and
54% of Australian children aged 2–3 years attended care in 2014
(Statistics ABo, 2014). In most European countries, ECEC centre at-
tendance rate is higher than 80% in children aged 3–6 years (Adamson,
2008) and around 35% in children under the age of 3 (OECD, 2016).
Given the high proportion of children who attend ECEC centres, these
settings might have the potential capacity to help prevent early child-
hood overweight and obesity.
ECEC centre attendance has been associated with young children's
weight status (Benjamin Neelon et al., 2015; McGrady et al., 2010;
Benjamin et al., 2009; Alberdi et al., 2016) as well as weight-related
behaviours, such as dietary intake (Gubbels et al., 2010; Hughes Sopp
et al., 2007), physical activity (Bower et al., 2008; Pate et al., 2008),
and sleep (Jiang et al., 2009). Overweight and obesity prevention
programmes in ECEC settings that had incorporated environmental
changes were more sustainable and effective than those that had not in
changing adiposity and weight-related behaviours (Zhou et al., 2014).
However, inconsistent associations between ECEC centre attendances
and weight status in preschool-aged children reported across studies
may suggest that not attendance, but environmental differences (e.g.
food access and quality, outdoor play time and television exposure)
among ECEC centres influence young children's weigh status (Swyden
et al., 2017). In that light, understanding which ECEC environmental
characteristic(s) are associated with young children's weight status
could be vital. Such a review could guide future early childhood
overweight and obesity prevention programmes in incorporating en-
vironmental interventions in ECEC centres. Accordingly, this systematic
review aims to examine the ECEC environmental characteristics asso-
ciated with young children's weight status.
Although the term “environment” generally refers to the physical
and sociocultural surroundings with which individuals interact
(Stokols, 1992; Sallis and Owen, 2015), various ecological models have
proposed a range of classifications for environmental aspects (Sallis and
Owen, 2015). In the present systematic review, the Analysis Grid for
Environments Linked to Obesity (ANGELO) framework (Swinburn
et al., 1999), specifically designed for the conceptualising obesogenic
environments, is used to classify the environmental characteristics. The
framework identifies micro and macro environments; whereas micro-
environments directly interact with individuals, including schools,
workplaces, families and neighbourhoods — ECEC settings are micro-
environments — macro-environments are the broader environments,
such as governments, education systems and the food industry. Within
both categories, environments can be further classified into four do-
mains: the physical environment, which refers to the availability; the
economic environment, which refers to the cost; the political environ-
ment, which refers to rules; and the sociocultural environment, which
refers to the attitudes, beliefs, and values (Swinburn et al., 1999). For
example, in an ECEC centre, the physical environment could include the
availability of healthy food and play equipment; the economic en-
vironment could include the expense of childcare; the political en-
vironment could include the care centre's policies; and the sociocultural




The present systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines (Moher et al., 2009).
2.2. Data sources and search strategy
Six electronic databases (PubMed, PsycINFO, CINAHL,
SPORTDiscus, Scopus, and Web of Science) were searched from the
inception until March 22 2017. Table 1 presents the search strategy.
2.3. Study selection
Studies were screened and selected according to the following cri-
teria:
2.3.1. Type of study
Observational studies (cross-sectional and longitudinal) and inter-
vention studies reporting cross-sectional results from baseline data were
considered, whereas studies reporting intervention results were not
considered, nor were reviews, editorials, commentaries, methods pa-
pers, and conference proceedings.
Eligible studies were limited to publications in the following lan-
guages: English, Chinese, Portuguese, French, Spanish, Polish, Dutch,
and Germany. Reference lists of the articles included and relevant re-
views were also checked to identify other relevant studies.
2.3.2. Participants
Eligible participants were healthy children aged from birth to
6 years old (for longitudinal studies, the criterion had to be met at the
beginning of the study). Studies focusing on children with illness other
than obesity or overweight were excluded.
2.3.3. Settings
Eligible studies were performed at formal institutions that provide
ECEC, including childcare centres, preschools, day care centres, nursery
schools, and family care homes; informal care (i.e. relatives, friends,
and neighbours) and primary/elementary schools were excluded.
2.3.4. Exposure variable(s)
Exposure variables were required to be environmental character-
istics and could be measured either objectively (e.g. by direct ob-
servations) or subjectively (e.g. by surveys).
2.3.5. Outcome measures
Eligible studies were required to report participants' weight status as
primary outcomes, i.e. body mass index (BMI), BMI percentile, BMI z-
scores, the prevalence of overweight and/or obesity, overweight
Table 1
The search strategy.
S1 “childcare” OR “child care” OR “preschool*” OR “pre-school*” OR “daycare”
OR “day care” OR “head start” OR “kindergarten*” OR “nurser*” OR
“education centre” OR “early childhood education and care”
S2 “child*” OR “toddler*” OR “pre-schooler*” OR “preschooler*” OR “infant*”
OR “newborn*” OR “p?ediatric”
S3 “environment*” OR “equipment” OR “facilities” OR “space” OR “polic*” OR
“guide*” OR “programme structure” OR “program structure” OR “class size”
OR “practice*” OR “care routine” OR “cultur*” OR “teacher*” OR
“educator*” OR “staff” OR “attitude” OR “belief”
S4 “obes*” OR “adipos*” OR “weight” OR “overweight” OR “BMI” OR “body
mass index” OR “waist circumference” OR “skinfold thickness”
S5 Combine S1 to S4 with “OR”
Z. Zhang et al. Preventive Medicine xxx (xxxx) xxx–xxx
2
likelihood, waist circumference, percentage of body fat, skinfold
thickness or weight-height (length) ratio.
2.4. Data extraction
Studies retrieved from the search were imported into reference
manager software (EndNote X7), which was used to remove duplicates.
Three authors (ZZ, JP, and ES) screened the titles and abstracts in-
dependently against the criteria described above, and when necessary,
the full text of the study was evaluated to determine its eligibility.
Disagreements were resolved by discussion and consultation with a
fourth author (RS). Fig. 1 presents a summary of the study selection
process.
2.5. Risk of bias assessment
The risk of bias was assessed independently by three authors (ZZ,
JP, ES), and any differences were resolved by discussion with the fourth
author (RS). The criteria for bias appraisal were adapted from the
STrengthening the Reporting of OBservational studies in Epidemiology
(STROBE) statement (Von Elm et al., 2007), which has been applied in
previous systematic reviews (Bingham et al., 2016; Barnett et al., 2016;
Costigan et al., 2013; Lubans et al., 2010). These criteria were: (i) Did
the study specify the eligibility criteria? (ii) Was the selection of par-
ticipants random? (iii) Did these participants represent a certain po-
pulation (i.e. country or region level)? (iv) Did the study have sample
size more than 100? (v) Did the study have an acceptable proportion of
participants with completed data regarding the variables of interest (at
least 70% for cross-sectional studies and 60% for longitudinal studies
(Cliff et al., 2016))? (vi) Did the study report the source and details of
adiposity assessment? (vii) Were the measurements valid and reliable
for the age group of children from birth to 6 years? (viii) Did the study
report the source and detail of environmental correlates assessment?
(ix) Did assessment instruments have acceptable validity or reliability?
A value of 1 (yes) or 0 (no or unsure) was assigned to the answer to each
of the above questions, which allowed a maximum possible score of 9
points, and a quality score was assigned to each study. Studies that
scored 0–4 points were classified as having a high risk of bias.
2.6. Data analysis and synthesis
Given the large variety of environmental characteristics in the stu-
dies reviewed, inconsistency in measurement methodology and het-
erogeneity in samples and study outcomes prevented their synthesis
into a meta-analysis. Instead, a narrative summary of the findings was
performed.
2.6.1. Categorisation of variables
Environmental factors were categorised into four types: physical,
economic, political, and sociocultural, following the ANGELO frame-
work (Swinburn et al., 1999).
2.6.2. Coding associations
Associations between environmental characteristics and weight
status in studies were summarised as positive or negative association
(p < 0.05) or non-significant association (p ≥ 0.05).
Fig. 1. Flow chart of studies selection process.
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3. Results
3.1. Overview of studies
Eight studies (Ansari et al., 2015; Hoffmann et al., 2014; Huynh
et al., 2011; McBride et al., 2013; Ross et al., 2013; Sisson et al., 2016;
Soderstrom et al., 2013; Zmiri et al., 2011), representing 4862 children
aged under 6 years, met the pre-specified inclusion criteria and were
included in this review. Table 2 presents characteristics of the studies.
All studies were published between 2011 and 2016. Four studies were
conducted in United States; whereas the rest were conducted in Ger-
many, Sweden, Israel, or Vietnam. The sample sizes ranged from 82 to
2810. Five studies were cross-sectional, and three were longitudinal. Six
studies focused on pre-schoolers (i.e. 36–60 months olds), only one
study (McBride et al., 2013) focused on infants (i.e. < 12 months olds),
and one study (McBride et al., 2013) included a combination of toddlers
(i.e. 12–35 months olds) and pre-schoolers. ECEC settings investigated
in the eight studies included kindergartens, day care centres, preschools
and Head start programmes, while no study focused on family-based
ECEC centres. Seven studies assessed adiposity using objective mea-
sures and one study (Zmiri et al., 2011) used the data of children's
weight and height from records of a maternal and child healthcare
centre. Weight outcomes were presented in the reviewed studies as
BMI, BMI z-score, BMI dichotomised, overweight likelihood, weight,
weight-height ratio, waist circumference, and skinfold thickness. Most
of the studies assessed environmental characteristics via surveys (e.g.
parents' and educators' reports), although two studies (Sisson et al.,
2016; Soderstrom et al., 2013) used direct observations.
3.2. Risk of bias
Table 3 presents results regarding risk of bias. Five studies imposed
specific eligibility criteria. Two studies selected participants randomly
and three had a representative sample of participants. Seven studies
had samples with more than 100 participants, whereas one (Sisson
et al., 2016) had a sample of 82 participants. Most studies had an
adequate proportion of participants with completed data (at least 70%
for cross-sectional studies and 60% for longitudinal studies). All studies
presented detailed reports of adiposity assessment; seven used valid and
reliable measurements to assess adiposity in children aged 0–6 years.
Six studies reported the sources and details of environmental char-
acteristics assessments; three used valid and reliable instruments to
assess environments. Of the eight studies, five have a low risk of bias.
3.3. ECEC environmental characteristics
Twenty-two ECEC environmental characteristics were identified
and classified as belonging to the physical, political or sociocultural
environment; none of the characteristics was identified as representing
the economic environment. Table 4 presents a complete list of the en-
vironmental characteristics.
3.3.1. Physical environment
Six environmental characteristics were classified as representing the
physical environment, with the potential correlate ‘active environment’
identified. A higher quality of active environment, consisting of the
elements ‘the presence of portable and fixed play equipment’ and ‘the
suitability of indoor space for active play’, was less likely to be asso-
ciated with overweight in pre-schoolers (Sisson et al., 2016). Mixed
results emerged regarding ‘the availability of unhealthy food around
ECEC settings’ (Huynh et al., 2011), which tended to depend on gender
and the measure of adiposity. Null results were reported regarding
‘outdoor environment quality’, ‘the amount of play equipment’, ‘se-
dentary environment’, and ‘food environment’ (Sisson et al., 2016;
Soderstrom et al., 2013).
3.3.2. Political environment
Eleven characteristics were categorised as representing the political
environment, with ‘active play time’, ‘sedentary opportunities’, and
‘servings of high sugar and high fat” identified as potential correlates.
‘Active play time’, ‘sedentary time’, ‘structured physical activity time’
and ‘outdoor play time’ referred to the durations of these activities at
ECEC centres in which most children engaged, not the durations of
individuals’ activities (Ansari et al., 2015; Sisson et al., 2016;
Soderstrom et al., 2013). Such characteristics were categorised as re-
presenting the political environment because they tended to depend on
the schedules of ECEC programmes. ‘Active play time’, defined as the
total time of free play outdoor and indoor, was negatively associated
with overweight likelihoods (Sisson et al., 2016), whereas ‘sedentary
time’, defined as the duration of seated activities in ECEC centres
lasting> 30 min, and ‘structured physical activity time’, defined as the
duration of teacher-led physical activities, were null. ‘Outdoor play
time’, defined as the total time of outdoor activity periods, was incon-
sistently related to children's weight status across the studies (Ansari
et al., 2015; Sisson et al., 2016; Soderstrom et al., 2013). Far more
consistent results emerged regarding ‘sedentary opportunities’, which
incorporated the elements of ‘seated activities’, ‘TV viewing’, and ‘video
game playing in ECECs’ (Ross et al., 2013; Sisson et al., 2016). More
specifically, children who attended the ECEC centres offering frequent
seated activities in the ECEC schedules were more likely to become
overweight. ‘Active opportunities’, combining the elements of ‘active
play time’, ‘structured physical activity’, and ‘outdoor play in ECECs’,
was reported to be unrelated to overweight likelihood in pre-schoolers
(Ross et al., 2013). ‘Servings of fruits and vegetable’, ‘servings of high
sugar and high fat’, and ‘servings of beverage and water’ were measured
considering relevant documented policies and practices in ECEC centres
in the reviewed study (Ross et al., 2013) and therefore categorised as
representing the political environment. No association was detected
between ‘the servings of fruits and vegetables’ or ‘servings of beverage
and water’ and overweight likelihood in pre-schoolers, whereas fre-
quent servings of high sugar and high fat food might increase young
children's likelihood of being overweight. Neither ‘the type of ECEC
nutrition policy’ (i.e. Child and Adult Care Food Program (CACCP),
Non-CACFP, or Head start) nor ‘the number of educators caring chil-
dren’ were related to children's weight outcomes (McBride et al., 2013;
Zmiri et al., 2011).
3.3.3. Sociocultural environment
Five potential environmental characteristics were classified as re-
presenting the sociocultural environment, with ‘educators' weight
status (i.e. normal weight or overweight)’ and ‘educators' habitual
physical activity status' identified as potential correlates. For pre-
schoolers, having overweight educators tended to increase their like-
lihood of being overweight, whereas children cared by active educators
were less likely to be overweight (Hoffmann et al., 2014) Null results
were found regarding ‘physical activity educators' behaviours', ‘nutri-
tion training and education for children’, and ‘nutrition educator's be-
haviours’ (Sisson et al., 2016).
4. Discussion
4.1. Overview of findings
The aim of this systematic review was to identify ECEC environ-
mental correlates of children's weight status. Twenty-two environ-
mental characteristics were identified from eight studies and classified
using the ANGELO framework, and six potential correlates were found.
Regarding the physical environment, “active environment”, mea-
sured with Environment and Policy Assessment and Observation
(EPAO) instrument, was associated with pre-schoolers' reduced like-
lihood of being overweight (Sisson et al., 2016), which physical activity
might mediate. Having more play equipment, both portable and fixed,
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and more suitable indoor active play environment might encourage
children to become more active, which in turn might increase their
energy expenditure and help them to maintain a healthy weight.
However, in other studies using the same environment rating scale to
assess ECEC environments, portable play equipment and fixed play
equipment had opposite associations with children's moderate-to-vig-
orous physical activity (Bower et al., 2008; Dowda et al., 2009). In that
case, an environmental characteristic incorporating both ‘portable play
equipment’ and ‘fixed play equipment’ might show a null result re-
garding the association with physical activity in children as well as with
their weight outcomes in the observations. For example, in the study
conducted by Huynh et al. (Huynh et al., 2011), the environmental
characteristic ‘the amount of equipment in ECEC’, including both por-
table and fixed equipment, was not related to children's BMI changes.
Moreover, as reported by Sisson et al (Sisson et al., 2016), the asso-
ciation between “active environment” and children's weight status
ceased to be significant after controlling for confounders. In response,
future studies is recommended to subdivide ‘active environment’ into
detailed elements in order to clarify the influence of different types of
play equipment on young children's physical activity and weight status.
Regarding the political environment, ‘sedentary opportunities’,
‘active play time’, and ‘servings of high sugar and high fat’ were asso-
ciated with children's weight status, which obesity-related behaviours
might mediate. For example, children enrolled in ECEC programmes
that offer more seated activities might have extended sedentary time.
Likewise, a longer ‘active play time’ in ECEC programmes might pro-
mote the time that children spend being active. ECECs' policies and
practices that allow more frequent provisions of high sugar and high fat
foods might encourage children to consume larger amount of those
foods. Such obesity-related behaviours might contribute to a high
likelihood of being overweight (LeBlanc et al., 2012; Timmons et al.,
2012; Millar et al., 2014). However, ‘active play time’, and “high sugar
and high fat served” were identified in a study with a small sample
dominated by Native Americans, which limits the generalisability of the
findings.
The findings of two sociocultural environmental correlates (i.e.
‘educators' weight’ and ‘educators' habitual physical activity level’)
suggest the influence of educators on young children's weight status.
Table 4
Summary of ECEC environmental correlates of weight status.
Correlates Positive related to weight
status (reference)




Outdoor environment quality (total outdoor area; amount of trees, shrubbery and
hilly terrain; integration between vegetation, open areas and play structures)
Soderstrom et al., 2013a
Active environment (presence of equipment; suitability of indoor space for active
play)
Sisson et al., 2016e
The amount of play equipment Huynh et al., 2011i
Sedentary environment (presence of electronic media; posters, pictures, books
about physical activity)
Sisson et al., 2016
Food environment within ECEC (breakfast & lunch service style; presence and
location of vending machines)
Sisson et al., 2016
The availability of unhealthy food around ECEC (within a radius of 200 m) Huynh et al., 2011h Huynh et al., 2011j
Political environmental
Sedentary opportunities (seated activities time, presence and duration of TV
viewing; observation of video game playing)
Sisson et al., 2016d, Ross
et al., 2013b
PA opportunities (duration of active play time; presence and duration of structured
activity; presence and duration of outdoor play)
Sisson et al., 2016
Sedentary time Sisson et al., 2016
Active play time Sisson et al., 2016f
Outdoor play time Ansari et al., 2015k Sisson et al., 2016,
Soderstrom et al., 2013a,l
Structured PA time Sisson et al., 2016
Fruits & vegetables served Sisson et al., 2016
High sugar & high fat served Sisson et al., 2016c
Beverages &water served Sisson et al., 2016
The number of educators per children Zmiri et al., 2011g
Nutrition policies (Non-CACFP, CACFP, Head start) McBride et al., 2013
Sociocultural environmental
Educators' weight status Hoffmann et al., 2014
Educators' habitual PA status Hoffmann et al., 2014
PA educators' behaviours Sisson et al., 2016
Nutrition training and education Sisson et al., 2016
Nutrition educators' behaviours Sisson et al., 2016
PA-physical activity, BMI- body mass index, SSFs – the sum of skinfold thickness.
a No association with neither BMI nor waist circumference.
b TV availability and rules and frequency of TV use; the association was significant with BMI and BMI z score, but insignificant with waist circumference; no association when
controlling for cofounders.
c The association was significant when controlling for years of operation, program size, director education or teacher education; no significant association in unadjusted model.
d The association was significant in unadjusted model but insignificant when controlling for cofounders.
e The association was significant when controlling for ethics; no significant association in unadjusted model.
f The association was significant when controlling for ethics, program size, or director education; no significant association in unadjusted model.
g No significant association with the change neither in weight nor in weight/height ratio.
h The association was significant with girls' SSFs changes but not with boy's.
i No significant association with the change neither in BMI nor SSFs for both genders.
j No significant association with the change in BMI for both genders.
k The association was significant with the change both in BMI and in obesity likelihood.
l The association was suggested to be significantly associated with weight status (normal weight/overweight) (p = 0.07) in the study (according to the significance criteria “p-
value < 0.1” in that study), this association was evaluated as insignificant in this review, judging by the significance level of p-value < 0.05.
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Evidence has shown that educators' characteristics, beliefs and beha-
viours may influence children's weight-related attitudes and behaviours
(Ra et al., 2016; Tonge et al., 2016). Accordingly, physical activity le-
vels in children could have been influence by their inactive educators
and thus decreased. Similarly, overweight educators might exhibit
obesity-related behaviours that children are liable to emulate. Over-
weight educators could also lack the knowledge regarding healthy diet
and physical activity and therefore enact care practices that encourage
children, even if inadvertently, to adopt unhealthy dietary habits and
inactive lifestyles, that could, in turn, those behaviours may influence
their weight status. With the increase population of children who attend
ECEC centres, educators play an increasingly important in children's
lives; however, educators' influences on young children's health remain
poorly understood (Hoffmann et al., 2014).
At the same time, the associations described above should be in-
terpreted with cautions given the lack of repetition and methodological
limitations evident in the reviewed studies.
4.2. Limitations of reviewed studies
Some methodological challenges emerged in the reviewed studies
that limit their contributions to the evidence base and could prompt the
inconsistent results across studies.
First, the definitions and measures of environmental characteristics
varied across studies, which reduced the comparability of the findings.
For instance, ‘outdoor play time’ was defined by Soderstrom et al.
(Soderstrom et al., 2013) to mean relative time children spent outdoor
at the ECEC but referred to the absolute time children spend in outdoor
play by Sisson et al. (Sisson et al., 2016). Moreover, the subjective
measures of environmental characteristics used in most reviewed stu-
dies were likely to cause inaccuracy since unmeasured confounders
might have been introduced that unduly inflated the proportion of
variance for which a variable could account in the outcome (Bingham
et al., 2016). For example, on the questionnaire used by Ansari et al.
(Ansari et al., 2015), “outdoor play time” was scaled into a 5- to 10-min
intervals (e.g. 15, 20, and 25 min) and reported by the educators. That
measure is less precise and tends to be biased compared with the ob-
jective measures (e.g. using a stopwatch) in two other studies (Sisson
et al., 2016; Soderstrom et al., 2013).
Since obesity is multifactorial in origin (SureSh and MahenDra,
2014), it is important in statistical analyses to adjust for potential
confounders such as demographic factors in order to understand the
“independent” influence of ECEC environmental characteristics on
young children's weight status. For example, the association between
‘active environment’ and children's weight status was determined by
using an unadjusted regression model in a study with an ethnically
diverse sample; however, that association ceased to be significant after
controlling for ethnicity (Sisson et al., 2016), which suggests that it
might be the confounder rather than ‘active environment’ that ex-
plained the variation in those children's weight status. At the same time,
confounders were adjusted in a few studies only, which complicated
ascertaining results.
4.3. Gaps in research
Several gaps might need to be addressed in current research in this
area. First, there is a lack of repetition in the ECEC environmental
characteristics examined with children's weight status. This may be due
to the broad spectrum of environmental characteristics of ECEC settings
and the limited number of relevant studies. Future research is therefore
recommended to adopt ecological approached, in order to capture a
more complete picture of the ECEC environmental influence on chil-
dren's weight status.
From another angle, evidence of how regarding obesity-related be-
haviours mediate the association between ECEC environmental char-
acteristics and young children's weight status remains scarce. Most
associations investigated in the studies reviewed were likely to be
mediated by diet or physical activity, although the mediation effects of
food intake and physical activity in the associations have not been in-
vestigated as extensively. Moreover, some risk factors for early child-
hood overweight and obesity are seldom considered to be potential
mediators. For example, there is a consistent evidence of the association
between sleep duration and pre-schoolers' weight status (Hager et al.,
2016; Chen et al., 2008; Sekine et al., 2002; Von Kries et al., 2002), and
sleep duration, especially nap duration, is likely influenced by en-
vironmental cues (Touchette et al., 2013; Fisher et al., 2012; Brescianini
et al., 2011). Therefore, some ECEC environmental characteristics, such
as the quality of nap rooms, could influence children's weight status,
mediated through nap. However, those relationships remain not fully
understood (Thorpe et al., 2015).
Another gap in available research is that no economic environ-
mental characteristic has been examined with young children's weight
status. Evidence has shown that school-level economic disadvantage
was associated with greater prevalence of obesity in children (Moreno
et al., 2013) as well as adolescents (Springer et al., 2015; Voorhees
et al., 2009), regardless of household economic status or ethnicity,
which indicates that the economic inequality in educational settings
might influence children's weight outcomes. In response, future re-
search is needed to focus on younger children who are more likely to be
influenced by environmental cues (Anzman et al., 2010). It should also
be noted that all four environmental domains interact with each other
to some extent, especially with economic environment. For example,
‘play equipment in ECEC’ is classified into the physical environmental
domain, while the availability of such equipment depends on the cost of
purchase and maintenance, which belongs to the economic environ-
mental domain. That sort of interaction and its influence on young
children's weight status warrants consideration in further research.
No environmental characteristics of family-based ECEC centres were
investigated in the studies reviewed. Moreover, inconsistent associa-
tions between family-based ECEC centre attendance and children's
weight status were reported in a recent systematic review (Swyden
et al., 2017), in which such inconsistency was suggested to stem from
the discrepancy across the environments of family-based ECEC centres
(Swyden et al., 2017). Since this type of ECEC centre is common in
many countries (Benjamin Neelon et al., 2015; Lindsay et al., 2015;
Neilsen-Hewett et al., 2014), it is pivotal to understand its environ-
mental influence on young children's weight status.
Lastly, few studies have focused on infants and toddlers. Since many
infants and toddler now receive care in ECEC centres and because their
rapid weight gain tends predict their overweight and obesity in later life
(Ong and Loos, 2006; Baird et al., 2005; Monteiro and Victora, 2005;
Druet et al., 2012), it is additionally important to study ECEC en-
vironmental influences on their weight status.
4.4. Strengths and limitations
To the authors' knowledge, the present systematic review marks the
first to report ECEC environmental correlates of young children's weight
status. It followed an ecological framework (i.e. ANGELO), which
provided a clear organisation of the reporting. Most studies reviewed
had adequate sample sizes, minimal missing data and reliable measures
of weight status. However, since the scarcity of studies and the varia-
tion in measurement precluded meta-analysis, a narrative summary of
the findings was used to describe the results instead. Results should be
interpreted with caution, given the various measures of environmental
characteristics, cross-sectional designs and unadjusted analytical
models in most studies reviewed.
5. Conclusions
Altogether, twenty-two ECEC environmental characteristics were
identified in this systematic review, among which six correlates of
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children's weight status were determined. To promote healthy weight in
young children, ECEC settings are recommended to improve their active
environments, reduce opportunities for sedentary behaviours and limit
servings of high sugar and high fat food, while educators could main-
tain normal weight and high physical activity levels. At the same time,
the strength of evidence from studies reviewed is currently limited.
More studies with stronger study designs, objective measures of en-
vironmental characteristics, and adjustments for confounders are
needed to confirm and elucidate the relationship between ECEC en-
vironmental characteristics and young children's weight status. Future
research is also recommended to investigate those relationships using
ecological approaches to examine the potential mediators, as well as to
focus on family-based ECEC centres, toddlers, and infants.
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a  b  s  t  r a  c t
Objectives:  Physical activity can be  promoted  by  high  levels  of gross  motor skills. A systematic  review
found  a positive relationship  in children  (3–18  years) but only few studies  examined this in younger
children.  The aim of this  study  was to  examine the association  between gross  motor  skills  and physical
activity in children  aged  11–29 months.
Design:  Cross-sectional  study.
Methods: This  study involved 284  children  from  30 childcare services  in NSW,  Australia  (Mean
age =  19.77 ± 4.18  months,  53.2% boys). Physical  activity  was measured  using  accelerometers (Actigraph
GT3X+).  Gross motor skills were  assessed using the  Peabody Developmental  Motor Scales Second  Edition
(PDMS-2). Multilevel  linear  regression  analyses  were  computed to  assess associations between  gross
motor skills  and physical activity,  adjusting  for  sex,  age  and BMI.
Results:  Children  spent  53.08%  of their  time  in physical activity and  10.39%  in moderate to  vigorous
physical  activity  (MVPA). Boys  had higher total  physical activity  (p  <  0.01)  and MVPA  (p <  0.01)  than  girls.
The  average  gross motor skills  score was  96.16. Boys  scored  higher than  girls  in object  manipulation
(p  <  0.001). There  was  no  association  between gross  motor  skills and  total  physical activity or  MVPA.
Conclusions: Although  gross motor  skills were  not  associated  with  physical  activity in this sample,  stronger
associations  are  apparent  in older  children.  This  study  therefore  highlights  a potential important  age  to
promote  gross  motor skills.
© 2017  Sports  Medicine  Australia.  Published by  Elsevier  Ltd.  All rights  reserved.ntroduction
Physical activity is essential for healthy growth and develop-
ent, and has been associated with physical, psychosocial, and
ognitive health throughout childhood.1,2 However, physical inac-
ivity is a  growing public health concern3 and in addition to  the
ncreased morbidity,3 is responsible for a large economic burden.4
herefore, promoting physical activity, especially across the lifes-
an, is  a key public health priority.
One way of increasing physical activity might be through pro-Please cite this article in  press as: Veldman SLC, et al. Associations betw
J Sci Med  Sport (2017), https://doi.org/10.1016/j.jsams.2017.12.007
oting high levels of gross motor skill competence. Gross motor
kills are seen as the building blocks and foundation of movement
nd physical activity, and are therefore a  vital component through-
∗ Corresponding author.
E-mail address: tokely@uow.edu.au (A.D. Okely).
ttps://doi.org/10.1016/j.jsams.2017.12.007
440-2440/© 2017 Sports Medicine Australia. Published by  Elsevier Ltd. All rights reserveout life.5 Models on motor development have also highlighted the
importance of gross motor skill competence for advanced motor
behavior.6,7 For example, the “proficiency barrier” suggests a  cer-
tain level of gross motor skill competence is necessary to be able
to engage in  games and sports.6 Gross motor skills comprise loco-
motor skills, object control skills and stability skills, and include
jumping, running, kicking and throwing.5 They have been asso-
ciated with several health-related and developmental outcomes
across childhood and adolescence such as weight status,8,9 self-
perceptions,8 cognition10 and cardio-respiratory fitness.8,9
Two  recent systematic reviews found a  positive relationship
between gross motor skill competence and physical activity in
children and adolescents.11,12 However, only a  few studies haveeen gross motor skills and physical activity in  Australian toddlers.
examined this relationship in  the early years of  life (<5 years),
with results inconclusive. Some studies found significant pos-
itive but weak associations13–15 while other studies found no
associations.16–18 Of these studies, three examined sex differences
d.
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ithin this association in preschool-aged children (ages 3–5 years)
nd one also examined age differences. Williams et al. found weak,
ut significant positive associations between total motor perfor-
ance and moderate-to-vigorous physical activity (MVPA; r = 0.20,
 < 0.01) and vigorous physical activity (VPA; r =  0.26, p  <  0.001) in
hildren aged 3–4 years.16 When stratifying this sample by age,
hey found significant associations between total motor skill per-
ormance and physical activity in  children aged 4 years but not for
hildren aged 3 years. The only sex difference found was in VPA,
ith boys spending more time in VPA compared to  girls. Fisher et al.
lso found weak, but significant correlations between total move-
ent skills score and total physical activity (r  =  0.10, p  =  0.039) as
ell as MVPA (r =  0.18, p < 0.001) in 4-year-old children.14 These
orrelations were similar when examining boys and girls sepa-
ately. Cliff et al., in  contrast with the other two  studies, did find
ex differences in the association between motor skills and physi-
al activity. They found a positive association between ball skills
nd time spent in MVPA (r = 0.52, p =  0.008) and total physical
ctivity (r  =  0.37, p = 0.015) among preschool-aged boys, while loco-
otor skills and MVPA among preschool-aged girls were inversely
ssociated (r =  −0.52, p  =  0.015).19 Reasons for the inconclusive evi-
ence on the relationship between gross motor skills and physical
ctivity may  be explained by  differences in samples (e.g. size, age
roup, socio-economic status) and methodologies. Indeed, gross
otor skills were measured using different assessment tools (e.g.
erformance criteria used, process versus product-oriented assess-
ent, norms used) and physical activity was measured in different
ays (e.g. questionnaires vs accelerometers, cut-points used, epoch
ength).
Currently, few studies have examined the associations between
ross motor skill development and physical activity in  children
nder the age of three and these studies have several methodolog-
cal limitations. They examined the association in toddlers using
ither an observational motor assessment mostly used to identify
eurological dysfunctions (“neurological examination technique
or toddler-age” according to Hempel)17 or a  parent questionnaire
o screen for gross motor delay (the Minnesota Infant Development
nventory).18 The methods used to  measure physical activity were
ot all validated in toddlers (e.g. step counts from wrist placement
r cut-points used for analyses). The present study will attempt
o overcome the limitations of previous research and increase the
nowledge and understanding of gross motor skill development
nd physical activity in young children. The aim of this study
as to examine the associations between the gross motor skills
utcomes (locomotor, object manipulation and stability) and objec-
ively measured physical activity in  children aged 11–29 months.
ddressing this gap might contribute to strategies for health pro-
otion.
ethods
This cross-sectional study was conducted concurrently with the
aseline data collection of the ‘Get Up’ study. The rationale and
rotocol for the GET UP! STUDY can be found elsewhere.20 The
Get Up’ study was a 12-month two-arm parallel group cluster ran-
omized controlled trial which is currently evaluating the effects of
educed sitting time on toddlers’ cognitive development. Reporting
as done following the STROBE Statement.21
Children were recruited via Early Childhood Education and Care
ECEC) services across New South Wales, Australia. Services were
ligible if they had at least one classroom of toddlers from a  low-Please cite this article in  press as: Veldman SLC, et al. Associations betw
J Sci Med  Sport (2017), https://doi.org/10.1016/j.jsams.2017.12.007
o medium-socioeconomic background. Children were considered
neligible if  they had any disabilities, were born very preterm or
ere diagnosed with a  medical condition. More information on the
election procedures for these services as well as eligibility criteria PRESS
Medicine in Sport xxx (2017) xxx–xxx
for participants are described in  the previously published meth-
ods paper.20 Recruitment started in  October 2015 and took eight
months. The initial aim was  to recruit 16 centers with an average
of 20 children per center. However, the number of  children per cen-
ter was  lower than expected and therefore 30 ECEC services were
recruited with an average of 12 children per center. This was done
to ensure adequate statistical power for the original study (GET UP
Study). Data collection took place between March and August 2016
through week-long visits in  the participating centers by  trained
data collectors. Training for data collectors took place over two
days at the University of Wollongong and involved instructions
and practical sessions. Prior to  data collection, written informed
consent was obtained from the participant’s parents or carers. The
study was approved by the Human Research Ethics Committee
of the University of Wollongong, Australia (HE15/236) and was
registered in  the Australian New Zealand Clinical Trials Registry:
ACTRN12616000471482, 11/04/2016 (retrospectively registered).
Physical activity was measured using tri-axial accelerometers
(Actigraph GT3X+).22 An epoch of 30 Hz was  used, and then files
were reintegrated in  15 s epochs. Children were asked to wear
the accelerometers 24 h/day over seven consecutive days except
for water-based activities. All  data were checked for wear time.
Sleep- and nap-time were excluded from the present analyses.
Valid wear time was defined as a minimum of 1  day, with at least
4 h of recorded data given the exclusion of naps and sleep.23 Non-
wear time was defined as 20 min  of consecutive zeros. Physical
activity was  analyzed using the following classifications: percent-
age of total wear time spent in  sedentary (≤100 counts/min), light
physical activity (LPA, 101–1680 counts/min), and moderate-to-
vigorous physical activity (MVPA, >1680 counts/min). These cut
points have been recommended for toddlers.22 For  the purpose
of analysis, LPA and MVPA was  grouped together as total physi-
cal activity. Accelerometer data were analyzed using the Actilife
software (Version 6).
Gross motor skills were assessed using the gross motor skill sub-
test of the Peabody Developmental Motor Scales Second Edition
(PDMS-2).24 This assessment consists of three subtests: locomo-
tion, object manipulation and stationary and has been validated
in children aged 0 through 5 years. All PDMS-2 subtests showed
good internal consistency (˛ =  0.76–0.95) and test-retest reliability
(ICC =  0.85–0.95).24 Items were administered by trained data col-
lectors by demonstrating the item correctly. The entry point of  the
test was based on the decimal age of the child and a  child was
required to perform the first three items correctly (e.g. a score of
2). If a child was not  able to meet these requirements, the test
was administered backwards until requirements were met. The
assessment finished when a  child received a  score of 0 on three
consecutive items. Children were assessed on their performance
by  a  single trained data collector according to the scoring options
provided per item (i.e., “2 — The child performs the item according
to the criteria specified for mastery”, “1 — The child’s performance
shows a clear resemblance to the item mastery criteria but does not
fully meet the criteria”, or “0 — The child cannot or will not  attempt
the item, or the attempt does not show that the skill is  emerging”).
Up to three trials per item were allowed to receive a  score of 2.  The
total amount of points accumulated by a child on a  subtest (raw
score) was converted into a standard score using the examiner’s
manual and software provided.24 Using the standard scores of  the
three subtests, the Gross Motor Quotient (GMQ) was determined.
Height and weight were measured following standard
procedures.20 Height was  measured to the nearest 0.1 cm using
a Seca 254 portable stadiometer (Hamburg, Germany). The childeen gross motor skills and physical activity in  Australian toddlers.
was positioned standing upright in bare feet or socks and with
their head in  the Frankfort Plane. Weight was measured to  the
nearest 0.1 kg using a  portable electronic Seca 254 Scale (Hamburg,
Germany). The child was  lightly dressed while heavy coats, heavy
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Table  1
Descriptive statistics for children’s age, BMI, physical activity and gross motor skills, and sex differences.
All (n = 284)
mean ± SD
Boys (n  =  151)
mean ± SD
Girls (n = 133)
mean ± SD
P valuea
Age, months 19.77 ± 4.18 19.84 ± 4.23 19.69 ± 4.13 0.748
BMI,  kg/m2 17.84 ± 1.71 17.96 ± 1.67 17.69 ± 1.75 0.194b
Physical activity
Sedentary (%)  46.92 ± 7.99 45.78 ± 8.73 48.22 ± 6.85 0.004
Total  PA (%) 53.08 ± 7.99 54.22 ± 8.73 51.78 ± 6.85 0.004
MVPA  (%) 10.39 ± 4.00 11.05 ± 4.54 9.64 ± 3.14 0.007
Average wear time per day (min) 537.16 ± 113.89 528.35 ± 124.32 547.18 ± 100.28 0.092
Gross  motor skills
Gross motor quotient (range 35–165) 96.16 ± 9.76 96.60 ± 10.17 96.65 ± 9.28 0.222
Locomotion (range 1–20) 8.41 ± 2.18  8.38 ±  2.28 8.44 ± 2.09 0.557













































Stationary (range 1–20) 10.09 ± 1.26 
a Mann–Whitney test.
b Two-tailed Student’s T-test.
ocket items, shoes and diapers were removed. Body Mass Index
BMI; weight (kg)/height (m2)) was calculated using the height
nd weight measures. Information on the child’s date of birth and
ex was self-reported by the parents or carers.
Descriptive analyses are presented as mean ± standard
eviation (mean ± SD). Sex differences were examined using
ann–Whitney and two-tailed student’s t-tests for not normally
nd normally distributed continuous variables, respectively. To
nalyze the associations between gross motor skills (standardized
cores — explanatory variable), total physical activity, and MVPA,
 series of multilevel linear regression models were fitted to  assess
egression coefficients and standard errors (SEs) predicting total
hysical activity or MVPA (response variables). Subjects were
ested in  two levels: level 2 — ECEC services and level 1 — children.
onstruction of the multilevel linear models started by investigat-
ng intra-class coefficients from the unconditional means model
null model) to  estimate the proportion of the total variance in
ross motor skills attributable to differences in  ECEC services (ICC,
otal physical activity =  0.188; ICC, MVPA =  0.163). Afterwards,
he models were constructed by adding the explanatory variable
gross motor skills) and all confounding variables (sex, age and
MI) simultaneously. This was then followed by an interactive
rocess to test the effects of adding random slopes and intercepts
o each of the variables included in the model. This was done
sing the −2loglikelihood ratio as the basis for judging differences
etween models every time a random slope or a  random intercept
as being tested in a  given variable. The value of the likelihood
atio statistic, obtained from the two models’ loglikelihoods, was
ompared to a  chi-squared distribution on 1 degree of freedom. The
nal model did not include random slopes or  random intercepts
ecause these did not significantly improve the initial model.
odel fit was evaluated by checking the normality of the residuals
f the final model. Wald tests were used to test significance of
ach regression coefficient. The significance for all tests was set at
 < 0.05. Descriptive analyses were conducted using SPSS version
125 and multilevel analyses were conducted using MLwiN  version
.36.26
esults
A total of 284 children (84.78% of the total amount of
hildren included in the GET UP study) aged 11–29 months
mean age =  19.77 ± 4.18 months) completed all assessments and
ere therefore included in  this study. There were slightlyPlease cite this article in  press as: Veldman SLC, et al. Associations betw
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ore boys (n  =  151, 53.2%) than girls and the mean BMI was
7.84 ± 1.71 kg/m2.  On  average, children wore the accelerometer
or 537.16 ±  113.89 min  per day (excluding sleep- and nap-time).
hey spent 53.08% of their time in physical activity of which 10.39%9.99 ±  1.14 10.21 ± 1.39 0.398
was spent in MVPA. Boys were more active than girls for total phys-
ical activity and MVPA (p <  0.01 for both) and girls spend more time
sedentary (p < 0.01). The average GMQ  score was 96.16 (of a  possi-
ble range 35–165) and the mean standard scores for the subtests
were 8.41, 9.79 and 10.09 (of a possible range 0–20), for locomo-
tion, object manipulation and stationary, respectively. The only sex
difference found in gross motor skills was  for object manipulation,
where boys scored higher than girls (p < 0.001, Table 1).
There was  no association between gross motor skills and total
physical activity (Table 2) or MVPA (Table 3).
Discussion
In this study gross motor skill development was  not associated
with total physical activity or MVPA in children aged 11–29 months.
Previous studies examining the relationship between gross motor
skills and physical activity in  young children found mixed results.
Some studies found no association,17,18,27 mixed associations16,19
or significant positive associations, even though some associations
were weak.13–15 Two of these studies were conducted in tod-
dlers and will therefore be compared to the current study in more
detail.17,18
Johansson et al. examined the levels and patterns of  physical
activity and associated correlates including motor skills in Swedish
2-year-old toddlers.17 Results showed no associations between
physical activity or  sedentary behavior and motor skills in these
children. A similar study describing and identifying correlates of
physical activity and sedentary behavior was conducted by Wijtzes
et al. in 2-year-old Dutch toddlers. Multivariate analysis showed
a trend towards significance when examining the associations
between gross motor delay and MVPA and counts per minute.
Both studies reported similar results to those in this study (i.e.
no association between gross motor skills and physical activity in
children under the age of three years). However, in contrast to
the other studies, the present study was  the first to  use a valid
gross motor skills instrument (PDMS-2). The previous studies used
either a  parent questionnaire, the Minnesota Infant Development
Inventory, to  screen for gross motor delay18 or  the “neurological
examination technique for toddler-age” according to Hempel, an
observational motor assessment mostly used to  identify neuro-
logical dysfunction.17 For all three studies, different measurement
sites, cut-points or epochs were used to measure or  analyze physi-
cal activity. In the first study children wore accelerometers on theireen gross motor skills and physical activity in  Australian toddlers.
wrists17 which does not allow for comparison of  average physical
activity (counts/min). The other study used higher cut points to
define sedentary behavior and physical activity compared to the
current study.18 The use of such cut points may  have meant that
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Table  2
Summary of multilevel analysis for gross motor skills and total physical activity.a
Gross motor skills Unadjusted Adjustedb
B SE B  p value B  SE B p value
Total sample
Gross motor quotient 0.0066 0.0465 0.879 0.0068 0.0466 0.999
Locomotion 0.1105 0.2086 0.596 0.2268 0.2177 0.781
Object  manipulation 0.3039 0.2085 0.145 0.1938 0.2118 0.481
Stationary −0.5070 0.3531 0.151 −0.4756 0.3492 0.603
Girls
Gross  motor quotient −0.0194 0.0675 0.774 −0.0283 0.0694 0.983
Locomotion 0.1543 0.3023 0.610 0.1445 0.3352 0.980
Object  manipulation 0.3071 0.3390 0.365 0.2670 0.3429 0.895
Stationary −0.8677 0.5877 0.140 −0.8942 0.5869 0.508
Boys
Gross  motor quotient 0.0066 0.0631 0.924 0.0148 0.0621 0.996
Locomotion 0.0639 0.2869 0.824 0.2373 0.2839 0.874
Object  manipulation 0.0519 0.2636 0.844 0.0198 0.2602 0.999
Stationary −0.1782 0.4210 0.672 −0.2826 0.4100 0.924
Loglikelihood ratio = 1596.783.
a All models are adjusted for potential clustering of ECEC.
b Adjusted for sex, age and BMI  in total sample. Adjusted for age and BMI in girls and boys.
Table 3
Summary of multilevel analysis for gross motor skills and MVPA.a
Gross motor skills Unadjusted Adjustedb
B SE B  p value B  SE B p value
Total sample
Gross motor quotient 0.0041 0.0234 0.862 0.0044 0.0234 0.950
Locomotion 0.0851 0.1049 0.417 0.1385 0.1095 0.659
Object  manipulation 0.1416 0.1052 0.178 0.0887 0.1068 0.875
Stationary −0.2732 0.1778 0.124 −0.2414 0.1758 0.597
Girls
Gross motor quotient 0.0942 0.0347 0.786 0.0088 0.0358 0.996
Locomotion 0.1351 0.1551 0.384 0.1559 0.1722 0.845
Object  manipulation 0.1855 0.1741 0.287 0.1865 0.1764 0.759
Stationary −0.2994 0.3029 0.323 −0.3005 0.3032 0.806
Boys
Gross  motor quotient −0.0026 0.0292 0.929 0.0033 0.0290 0.999
Locomotion 0.0681 0.1311 0.603 0.1555 0.1310 0.703
Object  manipulation −0.0118 0.1219 0.923 −0.0191 0.1216 0.999























oglikelihood ratio = 1578.552.
a All models are adjusted for potential clustering of ECEC.
b Adjusted for sex, age and BMI  in total sample. Adjusted for age and BMI in girls
he time spent in  sedentary behavior was overestimated and the
ime spent in physical activity potentially underestimated.
Results from previous systematic reviews in children aged
–18 years support the hypothesis that there is a  relationship
etween gross motor skill competence and physical activity and
hat this relationship strengthens with age.11,12 Given the young
ge of the children in this study, gross motor skills are still rudi-
entary and developing, and vary greatly. Their performances
re also influenced by  differences in  movement experiences.5 A
elationship between gross motor skills and physical activity is
herefore likely still developing. This hypothesis is  in line with
he developmental model proposed by  Stodden et al. suggesting
he relationship between gross motor skills and physical activity
ecomes stronger and more reciprocal with increasing age due
o continuing development.28 This is also seen in  motor develop-
ent models, such a  the ‘proficiency barrier’ and the ‘mountain of
otor development’, suggesting a  certain level of competence is
6,7Please cite this article in  press as: Veldman SLC, et al. Associations betw
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eeded to engage in sports and physical activity. Furthermore,
esearch in preschoolers has shown a range of individual, social
nd environmental factors have an influence on both gross motor
kills and physical activity. These factors include intrinsic moti-oys.
vation, movement experience, peer-interactions, socio-economic
status and parental influences.29,30 These factors might also have an
influence in  toddlers, however, there is  no evidence for this. Addi-
tional analyses were conducted in  this sample for toddlers above
and below the age of 20 months in  order to further examine sup-
port for this hypothesis. There were no differences between the two
age groups in the strength of the associations between gross motor
skills and physical activity.
The sex differences observed in  this study are in line with
research conducted in  preschoolers for both object manipulation
skills31,32 and physical activity levels.13,29 However, one other
study conducted in children aged 2 years did not  find sex differ-
ences in physical activity levels.17 Social influences such as family,
peers and teachers, as well as environmental or cultural influences
are likely to be associated with sex differences in gross motor skills
and physical activity.29
The strengths of this study include (1) the size of  this youngeen gross motor skills and physical activity in  Australian toddlers.
sample; (2) the use of an objective measure of physical activ-
ity; (3) the use of a valid and reliable tool  to  assess gross motor
skill development (including outcomes regarding locomotor, object




































































31. Hardy LL,  King L, Farrell L et al. Fundamental movement skills among Australian
preschool children. J Sci Med  Sport 2010; 13(5):503–508.
32. Goodway JD, Robinson LE, Crowe H.  Gender differences in fundamental motor
skill development in disadvantaged preschoolers from two geographical regios.ARTICLESAMS-1778; No. of Pages 5
S.L.C. Veldman et al. /  Journal of Scienc
.e. adjustments for clustering in the analysis; and (5) adherence to
he STROBE statement in  reporting. Limitations include the cross-
ectional analysis which precluded causality and the potential bias
hen it comes to accelerometry in  young children (i.e. unable to
ontrol for children being picked up and carried).
Future research should include longitudinal studies to  examine
he change in  the nature of the relationship between gross motor
kill development and physical activity with increasing age in  chil-
ren. Additionally, it is  recommended to examine correlates of both
ross motor skills and physical activity in toddlers and look at what
ypes of activities they participate in.
onclusion
This study was unique in  examining associations between gross
otor skill development and physical activity in  children under
he age of three in  Australia. By using valid measurement tools the
tudy addressed some of the methodological limitations from pre-
ious studies. Results show there were no associations between
hysical activity and gross motor skills in  these participants, imply-
ng that age and development might be an important factor in the
elationship between gross motor skills and physical activity. This
aper contributes to the existing literature by  adding new infor-
ation in this young age group regarding the relationship between
ross motor skills and physical activity. Even though a  relationship
as not present at this young age, targeting gross motor skills is
till an important strategy to promote a  physically active lifestyle.
specially in  this young age group, before poor techniques have
eveloped and children are willing to  practice and learn, it might
e important to intervene and prevent children from getting behind
n their peers.
ractical implications
There is no association between gross motor skills and physical
activity in  this sample of toddlers.
Age and development might be an important factor in  the rela-
tionship between gross motor skills and physical activity.
Even though the relationship is not present at this young age, tar-
geting gross motor skills is  still an important strategy to promote
a physically active lifestyle and should commence early.
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a  b  s  t  r a  c t
Objectives:  Gross  motor skills (GMS) are  a vital  component  of a child’s  development.  Monitoring  levels
and  correlates  of GMS  is important to  ensure  appropriate strategies are  put  in place to promote these
skills in young  children. The aim of this  study was to  describe the  current  level  of GMS development  of
children  aged  11–29 months  and  how  these  levels  differ by  age,  sex,  BMI  and socio-economic  status.
Design:  Cross-sectional  study.
Methods: This  study  involved children from  30 childcare  services  in NSW, Australia.  GMS  were  assessed
using the  Peabody  Developmental  Motor Scales Second  Edition. Prevalence  was reported  using the  gross
motor quotient  and  both raw  and  standard  scores for  locomotor,  object manipulation  and  stationary
subtests.  Socio-demographics  were  collected  via  parent  questionnaires.  Analyses  included  t-tests,  chi-
square  tests,  one-way ANOVA  and  linear regression  models.
Results:  This  study included 335  children  (mean  age =  19.80  ± 4.08  months,  53.9%  boys). For the  gross
motor  quotient,  23.3% of the  children scored below average. For  the  GMS subtests, 34.3%  of children
scored below average  for  locomotion,  10.1%  for  object  manipulation  and  0.3%  for  stationary.  Boys  were
more proficient in object  manipulation  than girls (p  =  0.001). GMS  were  negatively  associated with  age
and a  higher socio-economic  status (all  p <  0.05).  There  were no  associations for  BMI.
Conclusions: This  is the  first  descriptive study  to show the  prevalence  of  below  average at locomotor
skills  in toddlers  is higher than  reported in normative  samples.  Early  commencement of  GMS  promotion
is recommended  with  a focus  on locomotor  skills and  girls’  object manipulation  skills.
© 2018  Sports  Medicine  Australia.  Published by  Elsevier  Ltd.  All rights  reserved.. Introduction
Gross motor skills (GMS) are a  vital component of a  child’s
evelopment.1 GMS  involve movements using the large muscles
n the body and can be divided into locomotor skills, object con-
rol skills, and stability skills. Locomotor skills are movements that
ransport the body through space (e.g. run, jump and gallop), object
anipulation skills are movements that control and manipulate an
bject through space (e.g. kick, throw and catch), and stability skills
stationary) involve the ability to sense and adjust to  shifts in thePlease cite this article in  press as: Veldman SLC, et al. Gross motor sk
Sci Med  Sport (2018), https://doi.org/10.1016/j.jsams.2018.05.001
elationship between body parts that alter one’s balance.1
Models on motor development have emphasized the impor-
ance of GMS  competence during childhood to reach advanced
∗ Corresponding author.
E-mail address: tokely@uow.edu.au (A.D. Okely).
ttps://doi.org/10.1016/j.jsams.2018.05.001
440-2440/© 2018 Sports Medicine Australia. Published by  Elsevier Ltd. All rights reservemotor behavior for specialized movements and sports through-
out life.2,3 The cognitive developmental theory by Piaget (1953)
also emphasized the importance of movement for increased cogni-
tive development in  especially the early years of life.4 Research has
shown that poor GMS  competency has been associated with lower
levels of physical activity,5 reduced cognitive abilities,6 unhealthy
weight status5 and lower cardio respiratory fitness.5 In  order to
develop gross motor skills, appropriate learning opportunities and
practice, specific instruction, encouragement, and feedback are
required as these skills do not  develop naturally.1,7
Levels of GMS  competence in  children have decreased over
recent decades,8–10 which is concerning given the number of  unfa-
vorable health and developmental outcomes associated with poorills in toddlers: Prevalence and socio-demographic differences. J
GMS  competency. It  is therefore important to  examine and mon-
itor levels of GMS  and associated correlates in children, to  ensure
appropriate strategies are put in place to prevent further decreases
and promote GMS  development.
d.
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To date, few studies have examined levels and correlates of GMS
n young children (<5 years).9,11,12 An Australian study assessed
ross motor skills in  330 children across 60 preschools (mean
ge = 4.4 ± 0.4  years; 52% boys).9 Results revealed almost 75% of
he children mastered the run, but skill mastery was  lower for
ther skills: gallop (31%), hop (25%), jump (22%), strike (14%),
atch (20%), kick (35%), and throw (16%). In  India, motor devel-
pment scores reported among 300 children aged between birth
nd 60 months revealed ‘average’ scores for the stationary, loco-
otion and object control subtest compared to the US norms.11
n Portugal, 540 children aged 36–71 months were assessed.12 Por-
uguese pre-schoolers performed above US norms on the stationary
ubtests, and below US norms on the locomotion and object control
ubtests. Studies in children (aged 3–12 years) show that GMS  lev-
ls differ by  sex and type of skills. Generally, boys perform better
t object manipulation skills than girls,13,14 whereas findings are
quivocal for locomotor skills.9,13,14 Regarding balance skills, girls
end to outperform boys.14 Other correlates identified in systematic
eviews include age (increasing),13,14 physical activity (more),13,14
eight status (healthy),13 pre-school based programs (presence),14
nd socio-economic status (higher).13
Promoting GMS in  young children, e.g. toddlers, might be an
mportant avenue to  target poor GMS competence and promote
ealthy developmental trajectories for life. In these early years of
ife, the brain and central nervous system grow rapidly as new con-
ections or synapses between cells are formed.15 This makes these
ears critical for a child’s overall as well as motor development.16
arly commencement of interventions to  promote GMS has also
een recommended in  systematic reviews on GMS  interventions7
nd a previous pilot study has shown that interventions aimed at
nhancing GMS  development in  toddlers can be effective, feasi-
le and acceptable.17 However, to  design optimal and appropriate
ntervention programs, more information about GMS levels and
orrelates among toddlers is  needed to  identify those at most need
f further intervention and how to intervene. The aims of the cur-
ent study were to describe the current level of GMS of Australian
oddlers aged 11–29 months and to describe how these levels differ
y age, sex, BMI  and socioeconomic status.
. Methods
This cross-sectional study was conducted concurrently with
aseline data collection of the Get Up! Study. This was a 12-month
-arm parallel group cluster randomized controlled trial evalu-
ting the effects of reduced sitting time on toddlers’ cognitive
evelopment.18
Children were recruited from Early Childhood Education and
are (ECEC) services across New South Wales, Australia. Informa-
ion on selection procedures and eligibility criteria for the ECEC
ervices and participants are described elsewhere.18 Data col-
ectors participated in  a  two-day training involving instructions
nd practice sessions regarding the measurements. Prior to data
ollection, written informed consent was obtained from the par-
icipant’s parents or caretakers. The study was approved by the
uman Research Ethics Committee of the University of Wollon-
ong, Australia (HE15/236).
GMS  were assessed using the GMS  subtest of the Peabody
evelopmental Motor Scales Second Edition (PDMS-2).19 This
ssessment tool has been validated in  children aged 0 through
 years and consists of three subtests: stationary, locomotion and
bject manipulation. While performing the item, children werePlease cite this article in  press as: Veldman SLC, et al. Gross motor sk
Sci Med  Sport (2018), https://doi.org/10.1016/j.jsams.2018.05.001
ssessed on their performance according to  the scoring options pro-
ided (i.e., “2  – The child performs the item according to  the criteria
pecified for mastery”, “1 – The child’s performance shows a  clear
esemblance to  the item mastery criteria but does not fully meet the PRESS
Medicine in Sport xxx (2018) xxx–xxx
criteria”, or “0 – The child cannot or will not attempt to perform the
item, or  the attempt does not show that the skill is emerging”). Per
item, children had three trials to receive a score of  2. The entry point
of the test was determined by the child’s age and the child receiving
a score of 2 on the first three items. If a  child was  not able to meet
these requirements, the test was  administered backwards until the
child reached three consecutive ‘2’ scores. The assessment finished
when a  child received a  score of 0 on three consecutive items. The
total amount of points accumulated on a  subtest (raw score) was
converted into a standard score using the examiner’s manual.19
Standard scores were labelled ‘Very superior’, ‘Superior’, ‘Above
average’, ‘Average’, ‘Below average’, ‘Poor’ and ‘Very poor’. The
Gross Motor Quotient (GMQ) was  derived from the standard scores.
Due to  small numbers, children labelled ‘Very superior’, ‘Superior’
and ‘Above average’ were grouped as ‘Above average’ and children
labelled ‘Below average’, ‘Poor’ and ‘Very poor’ were grouped as
‘Below average’ for analysis.
Standardized procedures were used to measure height and
weight. The child was lightly dressed while heavy coats, pocket
items, shoes and diapers were removed. Body Mass Index (BMI;
weight (kg)/height (m2)) was calculated using height and weight
measures. More detail on the assessment procedures has been pub-
lished elsewhere.18
Information on the child’s date of birth, sex and socio-economic
status was  collected via parent questionnaires. Socio-economic sta-
tus was determined based on the Australian Socio-Economic Index
for Areas (SEIFA Index), mother’s education, mother’s employ-
ment and family income. The SEIFA Index was developed by
the Australian Bureau of Statistics and ranks areas according
to relative socio-economic disadvantage. This index ranges from
1; most disadvantaged, to 10; least disadvantaged, is  based on
the postcode and was categorized as low (decile 1–3), mid-
dle (decile 4–6) and high (decile 7–10). Mother’s education was
categorized as no schooling/did not complete primary school,
primary school or equivalent, Year 10 or equivalent, Year 12
or equivalent, trade/apprenticeship/certificate, university degree,
and post-graduate qualification. For  the purpose of  analyses, the
groups ‘no schooling/did not  complete primary school’, ‘primary
school or equivalent’ and ‘Year 10 or equivalent’ were combined
given the low numbers in those groups. Mother’s employment
was categorized as full-time employment, part-time employment
and unemployed. Family income was  categorized as one par-
ent earning <A$580/week, both parents earning <A$580/week
each, one parent earning <A$580/week and one parent earning
A$580–A$1240/week, both parents earning A$580–A$1240/week
or one parent earning <A$580 and the other parent earning
>A$1240, one parent earning A$580–A$1240/week and other par-
ent earning >A$1240, and both parents earning >A$1240/week.
SPSS version 2120 and STATA version 1321 were used for data
analyses. Descriptive analyses were presented as mean ±  standard
deviation (SD) and percentages. Sex differences were examined
using Mann–Whitney and two-tailed student’s t-tests for not nor-
mally and normally distributed continuous variables, respectively.
Chi-square tests were conducted for categorical variables. Given the
rapid development of children at this young age and the age range
of 1.5 years, GMS  were also examined separately for children below
and above 20 months (corresponds to mean and median for age). A
one-way ANOVA with post-hoc Bonferroni analysis was conducted
to examine differences between the four subgroups: girls and boys
below 20 months, and girls and boys above 20 months. Standard
scores were used for analysis to  compare scores across sex and age.
The associations between socio-demographic factors and GMSills in toddlers: Prevalence and socio-demographic differences. J
were investigated using linear regression procedures in STATA
accounting for clustering of ECEC services. The GMQ  was used for
this analysis as this is  recommended in the manual.19 All  selected
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ls to investigate associations with GMS. These models were then
djusted for sex and age. The significance level for all tests was set
t p < 0.05.
. Results
In total, 335 children aged 11 to  29 months (mean
ge =  19.80 ± 4.08 months, 53.7% boys) completed all GMS
easures and were therefore included in  this study.
The prevalence of GMS and descriptive statistics are reported
n Table 1. Results show 23.3% of the children scored below aver-
ge, 69.8% of the children scored average and 6.9% of the children
cored above average for the gross motor quotient. For the different
ubtests, the number of children scoring below average was  34.3%
or locomotion and 10.1% for object manipulation. Only one child
erformed below average on the stationary subtest (0.3%).
Data on socio-economic variables were collected in  59%–100%
f participants depending on the individual variable from the par-
nt questionnaire. For  mother’s education, 10.0% reported a  highest
ducation of Primary school, Year 10 or equivalent; while 16.1%
eported a  highest education of level Year 12 or equivalent. Regard-
ng mothers’ employment status, 9.1% reported to be unemployed.
amily income was reported to  be  below $580/week in  5.1% of the
amilies.
Table 2 (and Fig. S1) reports the prevalence of GMS for boys
nd girls separately by  age. Boys performed significantly bet-
er than girls in  object manipulation, both below and above
0 months (p <  0.005). Results of the ANOVA revealed differences
etween groups for locomotion (F(3,331) =  9.473, p  <  0.001) and
bject manipulation (F(3,331) =  2.818, p =  0.39). Post-hoc analysis
evealed significant differences for locomotion, where girls below
0 months scored better than boys above 20 months (MD  =  1.346;
 = 0.324; p < 0.001), and boys below 20 months scored better than
oth boys and girls above 20 months (MD  = 0.682; d  =  0.211; p  <  0.05
nd MD  =  0.876; d =  0.391; p < 0.05 respectively). For object manip-
lation, boys below 20 months scored better than girls above
0 months (MD  =  0.898; d = 0.216; p  <  0.05).
Socio-demographic factors associated with GMS  are reported in
able 3.  After adjusting for sex, GMS  were negatively associated
ith age. GMS  was also negatively associated with Socio-economic
tatus (SEIFA Index; p < 0.05) and mother’s education (p < 0.005)
fter adjusting for age and sex.
. Discussion
Our results show that GMS  development is below average in
lmost a quarter of the children assessed (23.3%). A comparable
tudy in India among 121 toddlers (12–33 months)11 showed simi-
ar results with only a small difference in locomotion (5% difference)
n favor of the Indian sample. When comparing results to  a Por-
uguese sample of 162 children (aged 3 years),12 the current sample
cored lower on all subtests of the PDMS-2. Results can also be
ompared to  the US norm sample. The percentage of children scor-
ng below average on the GMQ (23.3%) is comparable as ‘below
verage’ was set at the 25th percentile. Results from the locomotor
ubtest showed more children scored below average compared to
he US norm sample (34.3%), whereas less children scored below
verage for object manipulation (10.1%) and stationary skills (0.3%).
omparing the number of children who scored ‘average’ to the US
orm sample (50%), this number is  higher for the GMQ (69.8%) and
he different subtests (ranging from 63.6% to 96.4%). The number
f children scoring ‘above average’ (ranging from 2.1% to 8.7%) isPlease cite this article in  press as: Veldman SLC, et al. Gross motor sk
Sci Med  Sport (2018), https://doi.org/10.1016/j.jsams.2018.05.001
ower compared to  the US norm sample (25%).
Research has shown several factors have an influence on GMS
nd might therefore explain differences in  results between stud-
es. Child characteristics such as sex and age seem to play an PRESS
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important role in  GMS13,14 and aforementioned studies were con-
ducted in slightly different age groups and sex distributions. Other
child characteristics include intrinsic motivation and cognitive
development,1,4 and the physical readiness of a child to move and
develop GMS.1 Family-related characteristics that could have an
influence on GMS  include cultural background and parental phys-
ical activity and sports participation, and environmental factors
potentially influencing GMS  include ECEC-related factors (e.g. well-
developed curricula) as these have a positive influence on GMS.14,22
As these factors were not assessed or reported in  the current study
or the other studies, no conclusions could be drawn regarding their
influence on GMS. These factors need to  be examined in more detail
in further studies. More importantly, the relationships between
GMS  and different child-, family-, and environmental factors are
likely to  be more complex as these factors might influence each
other. Therefore, there is  also a need to  examine the interactions
between these factors and how they change with age and develop-
ment. Additionally, methodological differences such as sample size
(e.g. 335 children in  the current study vs 121 in  Indian study) may
explain differences in results.
Within our sample, boys scored significantly higher than girls in
the object manipulation. This trend is also seen in  preschoolers,9,10
showing sex differences are consistently present in young children.
For locomotion, several differences were found between different
sex and age groups. Young girls scored better than older boys and
young boys scored better than both older boys and girls. This is
line with previous research showing mixed results as some stud-
ies showed results in  favor of girls,8,9 while others found no sex
differences.10,23 Sex differences in  gross motor development in
young children are likely to  be associated with social and environ-
mental influences, such as family, peers and teachers, and cultural
background rather than biological or physiological factors.24 There-
fore, it is important that parents, ECEC educators and policy makers
are aware of these differences to ensure that girls are provided with
the most appropriate GMS  opportunities, instruction and feedback
with the aim of fostering skill development. Additionally, suffi-
cient opportunities should be provided to  boys with high object
manipulation skills to ensure continuous skill development.
Age was  negatively associated with the GMQ, meaning that
with increasing age children scored lower. A similar result was
seen examining sex and age differences for different subtests.
For locomotion, younger children (<20 months) scored better than
older children (>20 months). For object manipulation, younger boys
scored better than older girls. Children increase their raw scores
over time (see Table 2), however, standardized scores (age- and sex
adjusted scores) are lower for the older age group. This reinforces
the need for early intervention to prevent children from being at
risk of developmental delay and to promote healthy developmen-
tal trajectories. Most previous studies used raw scores to examine
age effects on GMS.13,23 Raw scores have a  larger range compared
to standardized scores, making them more sensitive to change and
therefore commonly used in intervention studies. However, the use
of standardized scores is important for comparing differences in
GMS  levels across age and sex.
Children with a low SEIFA Index scored higher than children
with a middle or high SEIFA Index. This is  in contrast with the lit-
erature suggesting childhood poverty and a lower socio-economic
status have a negative influence on overall child development and
GMS.14,25 A  potential explanation includes more free play oppor-
tunities for children with a  low SEIFA Index which can lead to
some skill  enhancement even though actual teaching is  needed for
skill mastery.7 Other potential explanations include the distribu-ills in toddlers: Prevalence and socio-demographic differences. J
tion between socio-economic status (SEIFA Index) groups or the
fact that this generalized index, based on postcode of residence, is
perhaps not accurate enough as individual or preschool-related fac-
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Table  1
Participants’ characteristics.
All  (n  =  335)
mean ± SD
Girls (n  = 155)
mean ± SD
Boys (n  =  180)
mean ± SD
pa
Age (months) 19.80 ± 4.08 19.69 ± 4.05 19.89 ±  4.12 0.645
Height  (cm) 82.36 ± 5.27 81.40 ± 5.53 83.19 ±  4.90 0.002b
Weight (kg) 12.10 ± 1.58 11.72 ± 1.59 12.42 ±  1.50 0.000b
Body mass index (kg/m2) 17.84 ± 1.69 17.71 ± 1.75 17.96 ±  1.63 0.179b
Gross motor quotient 96.41 ± 9.84 96.30 ± 9.66 96.50 ± 10.03 0.455
Locomotion raw score (range 0–178) 88.58 ± 11.87 88.32 ± 12.88 88.81 ±  10.97 0.483
Locomotion standard score (range 1–20) 8.42 ± 2.21 8.52 ± 2.20 8.33 ± 2.21 0.348
Object manipulation raw score (range 0–48) 14.30 ± 5.90 13.32 ± 6.11 15.14 ±  5.60 0.003
Object  manipulation standard score (range 1–20) 9.86 ± 2.20 9.53 ± 2.31 10.15 ± 2.06 0.001
Stationary  raw score (range 0–60) 38.84 ± 1.89 38.97 ± 2.18 38.73 ±  1.59 0.757
Stationary  standard score (range 1–20) 10.12 ± 1.24 10.23 ± 1.32 10.02 ± 1.17 0.295
n  (%)  n  (%) n  (%) pa
Gross motor skills
(n = 335)
Below average 78 (23.3%) 35  (22.6%) 43  (23.9%) 0.885
Average 234 (69.8%) 110 (71.0%) 124 (68.9)
Above average 23 (6.9%) 10 (6.5%) 13  (7.2%)
Locomotion
(n  = 335)
Below average 115 (34.3%) 49  (31.6%) 66  (36.7%) 0.333c
Average 213 (63.6%) 104 (67.1%) 109 (60.6%)
Above average 7 (2.1%) 2  (1.3%) 5 (2.8%)
Object  manipulation
(n = 335)
Below average 34 (10.1%) 19  (12.3%) 15  (8.3%) 0.422
Average (n, %) 272 (81.2%) 125 (80.6%) 147 (81.7%)
Above average 29 (8.7%) 11 (7.1%) 18 (10.0%)
Stationary
(n  = 335)
Below average 1 (0.3%) 0  1 (0.6%) –
Average 323 (96.4%) 146 (94.2%) 177 (98.3%)
Above average 11 (3.3%) 9  (5.8%) 2 (1.1%)
SEIFA  Indexd
(n = 335)
Low (decile 1–3) 146 (43.6%) 61  (39.4%) 85  (47.2%) 0.293
Middle (decile 4–6) 135 (40.3%) 69  (44.5%) 66  (36.7%)
High  (decile 7–10) 54 (16.1%) 25  (16.1%) 29  (16.1%)
Mothers’  education
(n = 230)
Primary school or Year 10 or equivalent 23 (10.0%) 14  (9.0%) 9 (5.0%) 0.389
Year 12 or equivalent 37 (16.1%) 17 (11.0%) 20 (11.0%)
Trade/apprenticeship/certificate 79 (34.3%) 43  (27.7%) 36  (19.9%)
University degree 59 (25.7%) 24  (15.5%) 36  (19.3%)
Post-graduate qualification 32 (13.9%) 17  (11.0%) 15  (8.3%)
Mothers’  employment
(n = 231)
Full-time 92 (39.8%) 46  (40.0%) 46  (39.7%) 0.979
Part-time 118 (51.1%) 59 (51.3%) 59 (50.9%)
Unemployed 21 (9.1%) 10 (8.37%) 11  (9.5%)
Family  incomee
(n = 198)
1 or 2 (low) 10 (5.1%) 7  (7.1%) 3 (3.0%) 0.408
3  41 (20.7%) 22  (22.2%) 19  (19.2%)
4  90 (45.5%) 44  (44.4%) 46  (46.5%)
5  42 (21.2%) 17  (17.2%) 25  (25.3%)
6  (high) 15 (7.6%) 9  (9.1%) 6 (6.1%)
Bold values indicate significance, p  < 0.05.
a Two-tailed student’s t-test for continuous variables and Chi-square test for categorical variables.
b Mann–Whitney test.
c Chi-square test was  performed after collapsing the categories average and above average.












e Categories family income: 1 – one parent <A$580/week; 2  – both parents <A$58
 – both parents between A$580 and A$1240/week OR one parent <A$580 and othe
 – both parents >A$1240/week.
ors are not  considered. More research will be needed to confirm a
elationship between socio-economic status and gross motor skills
n toddlers.
A mother’s higher education was negatively associated with
MS; however, this was only significant in  half of the categories.
22,26Please cite this article in  press as: Veldman SLC, et al. Gross motor sk
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revious studies have found mixed results. No significant asso-
iations between mother’s education and GMS  have been seen in
hildren aged 18 months,26 whereas they are present in children
ged 4–6 years.22 These results imply that this association might bek each; 3 – one parent <A$580/week and other between A$580 and A$1240/week;
240; 5 – one parent between A$580 and A$1240/week and other parent >A$1240;
influenced by the child’s age which is  consistent with a longitudinal
study on correlates of poor development in preschoolers.27
Strengths of this study include the young age of  participants, the
relative large sample size and the use of a validated GMS  assess-
ment. A  limitation of this study is the use of US norms in Australianills in toddlers: Prevalence and socio-demographic differences. J
toddlers, which means that our results should be carefully inter-
preted due to cultural influences. There are  currently no Australian
norms available. Limitations regarding the methodology include
the cross-sectional design of the study which precludes causal-
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Table  2
Prevalence of gross motor skill development by  age.
Variable Age  <20 months (n  =  178) Age >20 months (n = 157)
Girls (n = 81) Boys (n = 97) pa Girls (n = 74) Boys (n = 83) pa
Gross motor skills Gross Motor Quotient (range 35–165) 96.91 ± 8.34 98.26 ± 11.02 0.057 95.62 ± 10.93 94.45 ± 8.34 0.503
Locomotion Raw score (range 0–178) 79.91 ± 8.60 82.05 ± 8.13 0.083 97.51 ± 10.24 96.70 ± 8.25 0.899
Standard Score (range 1–20) 8.84 ± 1.97 9.05 ± 2.15 0.727 8.18 ±  2.40 7.49 ± 1.99 0.087
Object Manipulation Raw score (range 0–48) 9.89 ± 5.27 11.69 ± 4.58 0.003 17.08 ± 4.58 19.17 ± 3.67 0.001
Standard score (range 1–20) 9.62 ± 2.34 10.33 ± 2.25 0.003 9.43 ±  2.29 9.94 ± 1.80 0.196
Stability Raw score (range 0–60) 37.91 ± 0.74 37.98 ± 1.14 0.551 40.14 ± 2.61 39.61 ± 1.61 0.641
Standard score (range 1–20) 10.11 ± 0.76 10.06 ± 1.04 0.745 10.35 ± 1.73 9.98 ± 1.31 0.269
Bold values indicate significance, p  <  0.05.
a Mann–Whitney Test.
Table 3
Socio-demographic factors associated with Gross Motor Skill Development (GMQ).
Variable Unadjusted models Adjusted modelsa
B 95% CI B 95% CI
Age −0.486* [−0.754, −0.217] – –
Sex  Girls (reference)
Boys 0.203 [−1.842, 2.249] 0.300 [−1.731, 2.331]b
BMI  0.415 [−0.244, 1.075] 0.061 [−0.529, 0.651]
SEIFA  Index Low (reference)
Middle −2.334 [−4.982, 0.313] −2.740* [−5.244, −0.236]
High −3.416* [−6.637, −0.194] −3.589* [−6.812, −0.365]
Mothers’ Education Primary school or Year 10 or equivalent (reference)
Year 12 or equivalent −5.213* [−10.410, −0.015] −5.216* [−10.340, −0.092]
Trade/apprenticeship/certificate −3.069 [−7.492, 1.354] −3.298 [−7.710, 1.114]
University degree −4.229 [−8.488, 0.029] −4.170* [−8.324, −0.017]
Post-graduate qualification −4.567 [−9.706, 0.573] −4.775 [−10.213, 0.664]
Mothers’ employment Employed full-time (reference)
Employed part-time −2.878* [−5.500, −0.256] −2.575 [−5.239, 0.089]
Not  employed −2.465 [−6.872, 1.943] −1.785 [−6.211, 2.641]
Family  incomec 1 and 2 (low) (reference)
3  −1.068 [−8.200, 6.063] −0.781 [−7.562, 6.001]
4  −0.700 [−6.218, 4.817] −0.935 [−6.234, 4.363]
5  −0.514 [−6.633, 5.605] −0.176 [−6.033, 5.682]
6  (high) −3.533 [−11.238, 4.165] −2.775 [−9.956, 4.406]


























Only adjusted for age.
c Categories family income: 1 – one parent <580 $/week, 2 – both parents <580 $/
80  $ and 1240 $/week OR one parent <580$ and other >1240 $,  5  –  one parent bet
* p < 0.05.
ty, the selection of variables to associate with GMS  and the lack
f inter- and intra-rater reliability assessments. Additionally, our
ample is  not representative of Australian toddlers and therefore
ur results are not generalizable beyond the population from which
hey were sampled.
Future studies should include longitudinal designs to track chil-
ren over time and identify at what age gross motor skills levels
ight be most sensitive to intervention. Research needs to  examine
nd identity what factors (including parental/family and environ-
ental factors) explain potential changes in GMS  levels to identify
here and how to  potentially intervene. Additionally, country- and
ultural-specific norms for GMS  assessments should be developed
o increase the validity of outcomes.
. Conclusions
In this sample of Australian toddlers, the levels of GMS  are  asso-
iated with age and socio-economic status. To our knowledge, this
as the first study to  examine the prevalence of GMS in Australian
oddlers and one of the first internationally. This study showed just
ver a  third of the children scored below average on the locomo-
ion subtest and it is  therefore recommended to include a  specialPlease cite this article in  press as: Veldman SLC, et al. Gross motor sk
Sci Med  Sport (2018), https://doi.org/10.1016/j.jsams.2018.05.001
ocus on locomotion skills in GMS  interventions. Additionally, girls
cored significantly lower than boys in  object manipulation skills.
iven that these sex differences are seen throughout childhood13
nd childhood object manipulation skills might be related to  ado-each, 3 – one parent <580 $/week and other >580 $/week, 4 – both parents between
580 $  and 1240 $/week and other parent >1240 $,  6 – both parents >  1240 $/week.
lescent physical activity,28 a  focus on object manipulation skills in
girls is  also recommended. Two recent papers have examined an
object manipulation intervention targeting girls.29,30 Results were
promising but more interventions in  this area are needed to tar-
get the sex differences observed and potentially target physical
activity.
The authors recommend early commencement of  GMS promo-
tion as young children are willing to  learn and practice, before poor
techniques have developed and as differences in skill levels are still
small. These interventions should have a  special focus on locomo-
tor skills and girls’ object manipulation skills. Early intervention
can prevent children from being behind in  their GMS  development
when entering school and can promote a  positive developmental
trajectory.
Practical implications
• GMS  promotion should commence as early as possible.
• GMS  are associated with age, sex and socio-economic status.
• The use of standardized scores are recommended for prevalence
studies.ills in toddlers: Prevalence and socio-demographic differences. J
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A B S T R A C T
Study objective: This study aimed to examine the direct effects of environmental characteristics of early child-
hood education and care (ECEC) centres on adiposity, and the indirect effects through daily movement beha-
viours (physical activity, sedentary time and naps).
Methods: 274 children (average age 19.73 ± 4.15 months) from 27 ECEC centres participated in this study.
Environmental characteristics of ECEC centres were rated using the Infant/Toddler Environment Rating Scale-
revised edition (ITERS-R). Daily movement behaviours were assessed using 24-h accelerometry. Body mass index
z-scores were used to indicate adiposity.
Results: There were no significant direct effects or indirect effects of environmental characteristics on toddlers’
adiposity through daily movement behaviours. However, the environmental characteristics of “personal care
routine” (B=0.72, p=0.041) and “activity” (B=0.87, p < 0.050) were positively associated with the per-
centage of time these toddlers spent in moderate-to-vigorous physical activity (MVPA). “Listening and talking”
was also positively associated withnap(s) durations (B=4.08 p=0.001).
Conclusion: The relationships between environmental characteristics of ECEC centres and adiposity in toddlers,
as well as, the mediating roles of daily movement behaviours still need confirmation by future longitudinal and
experimental studies with long follow-up periods. At the same time, a broader spectrum of environmental
characteristics of these settings needs to be examined with toddlers’ adiposity in future studies; other potential
mediators may also need to be taken into considerations.
1. Introduction
The global prevalence of overweight and obesity, in children under
the age of five, increased from 4.2% to 6.1% between 1990 and 2010,
and is expected to reach 9.1% by 2020 (De Onis et al., 2010). This is of
concern as overweight and obesity at these ages may have detrimental
health effects throughout life, as it is known that higher levels of
adiposity in the early years track into later childhood (Penny et al.,
2016) and adolescence (Cunningham et al., 2014). Moreover, rapid
weight gain in the first two years of life has been associated with an
increased risk of adult overweight (Adair et al., 2013). Therefore, there
is a need to prevent and to address overweight and obesity in young
children. To do this, a better understanding of the factors that asso-
ciated with early childhood adiposity is needed.
The environment plays an important role in the development of
childhood overweight and obesity (Baidal et al., 2016; Casey et al.,
2014; Nishtar et al., 2016). Young children are especially susceptible to
environmental cues that promote obesity-related behaviours, because
they may not be well prepared to make informed decisions to maintain
a healthy weight status (Hill et al., 2003; Nutbeam et al., 1989; Patrick
and Nicklas, 2005). Given the high attendance rate of young children in
formal early childhood education and care (ECEC) centres in several
https://doi.org/10.1016/j.healthplace.2018.10.008
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countries (Laughlin, 2013; Statitics ABo, 2015; OECD, 2016), many
young children are exposed to these environments for most the day,
which may have substantial influence on their weight status (Chambers,
2017). Indeed, a recent systematic review identified 22 environmental
characteristics of ECECs that have previously been examined in asso-
ciations with young children's weight status (Zhang et al., 2017), and
concluded that those relationships were likely to be mediated by energy
balance-related behaviours, such as physical activity and dietary intake
(Zhang et al., 2017; Gubbels et al., 2014). For example, “active time in
ECEC centres”, one of the environmental correlates identified in that
review, is likely to influence children's weight status through an in-
direct effect on children's active levels, while “high sugar and high fat
served in ECEC centres” may be associated with children's food choice
and energy intake, which, in turn, could affect their adiposity (Zhang
et al., 2017). However, the indirect effects of the ECEC environmental
characteristics on young children's weight status through these beha-
viours has not yet been examined (Zhang et al., 2017). An under-
standing of their mediating roles could help improve efficiency and
effectiveness of environmental interventions in ECEC centres, as most of
the interventions published so far were designed to prevent and to
address early childhood overweight and obesity through changing in-
termediate behaviours (Zhou et al., 2014).
From a movement perspective, physical activity, sedentary time and
sleep can be considered a continuum ranging from high to low/now
movement, with the daily time allocation of these behaviours con-
stituting a 24-h period (Chastin et al., 2015; Pedišić, 2014). Since each
of these movement behaviours as well as their combination have been
associated with several health and developmental outcomes, including
adiposity (Chen et al., 2008; Chaput et al., 2017; Carson et al., 2017;
Poitras et al., 2017), Australia and Canada have recently published 24-h
movement guidelines for the early years, to promote optimal health and
development for young children (Okely et al., 2017; Tremblay et al.,
2017). As attending ECEC programs usually contributed to a large
proportion of daily time for toddlers (up to 11 h), the environments in
these settings are likely to influence young children's daily movement
behaviours. For example, evidence suggests that ECEC environment
may explain up to 50% of the children's daily variations in physical
activity (Pate et al., 2004, 2008; Finn et al., 2002; Boldemann et al.,
2006), and that several environmental characteristics of these settings
(e.g. provision of active opportunities and the presence of outdoor en-
vironments) seems to be associated with children's physical activity and
sedentary time (Tonge et al., 2016). However, although these two
movement behaviours were common intermediate behaviours in most
obesity prevention environmental interventions in ECEC centres (Zhou
et al., 2014), the indirect effects of the environment characteristics on
adiposity through physical activity and sedentary time are not fully
understood yet.
On the other hand, daytime napping is an essential part of total
sleep in early childhood, particularly during the first 3 years of life
(Touchette et al., 2013); and, nap time is part of the daily routine in
most ECEC centres (Ward et al., 2007). Indeed, napping duration is
more likely to be influenced by environmental settings, rather than by
genetic predisposition (Touchette et al., 2013; Brescianini et al., 2011;
Fisher et al., 2012). For example, in a Canadian birth cohort study with
995 twins, environmental influences explained a large proportion of
variance in the participants’ napping duration once they became tod-
dlers - 33%, 48% and 79% for 18, 30 and 48 months olds, respectively
(Touchette et al., 2013). Nonetheless, young children's nap(s) pattern,
duration and quality, as well as environmental influences of ECEC
centres on nap(s) remain unclear (Benjamin et al., 2009; Thorpe et al.,
2015; Staton et al., 2015). Since napping may also play a mediating role
in the relationships between environmental characteristics of ECEC
centres and adiposity in young children (Zhang et al., 2017), it is im-
portant to examine the indirect effect of the environmental character-
istics on adiposity through this daily movement behaviour.
Previous studies examining ECEC centre's environments and nap(s)
duration in young children have used subjective measures (e.g. proxy-
report) (Zhang et al., 2017; Thorpe et al., 2015), to assess napping,
which are less accurate than objective measures and may affect the
strength of the evidence (Ma and Dill, 2015). Also, there is limited
research in this area focus on children under the age of three (Zhang
et al., 2017; Kuzik and Carson, 2016).
The aim of the present study was to examine the indirect effects of
environmental characteristics on toddlers’ adiposity through physical
activity, sedentary time and nap in a sample of Australian toddlers,
using objective measures of ECEC centres’ environments and daily
movement behaviours. We hypothesized that there are indirect effects
of environmental characteristics on toddlers’ adiposity through physical
activity, sedentary time and nap.
2. Methods
2.1. Participants and ECEC centres
The present study reported on a cross-sectional analysis of the
baseline data from the GET UP! Study, described in full elsewhere
(Santos et al., 2016), is a 12-month cluster randomized controlled trial
(RCT) examining the effects of reducing sitting time on cognitive de-
velopment and executive functions in Australian toddlers. Thirty ECEC
centres from Illawarra region in NSW with children from a low- to
medium socioeconomic background (Pink, 2011) were recruited. All
children aged 12- to 26 months at baseline without any diagnosed
medical or psychological impairment were eligible to participate if they
attended the ECEC services full-time (i.e.> 6 h/day) at least two days
per week. Our sample included 335 toddlers aged 19.8 ± 4.08 months,
of which, 284 had valid accelerometer data (i.e., at least one 24-h
period). Three ECEC centres (including 10 children with valid accel-
erometer data) dropped out from the study before the environmental
assessment were conducted. Therefore, 274 participants from the re-
maining 27 ECEC centres had complete data and were included in the
current analyses. Children who were excluded from the analyses were
not significantly different from those included on demographic char-
acteristics (age, sex and socio-economic status). The University of
Wollongong's Human Research Ethics Committee approved the study
protocol (HE15/236) and the study was registered in the Australian and




2.2.1.1. Adiposity. Body weight and height were measured according to
standard procedures (Santos et al., 2016). body height was measured to
the nearest 0.1 cm in bare or stocking feet with the child standing
upright against a portable stadiometer (Seca 254 Hamburg, Germany).
Body weight was measured to the nearest 0.10 kg, lightly dressed (and
without diapers) using a portable electronic weight scale (Seca 254
Hamburg, Germany) (Santos et al., 2016; Cornier et al., 2011; NHANES,
2013). Body mass index (BMI) was calculated as weight(kg)/height(m)2
and then BMI z-scores were then calculated by age and sex. Weight
status (normal weight/overweight or obese) was determined according
to the World Health Organization age and sex specific criteria (Group
WMGRS and de Onis, 2006).
2.2.2. Independent variables
2.2.2.1. Environmental rating of ECEC centres. The quality of the ECEC
centre environment was objectively assessed using the Infant/Toddler
Environment Rating Scale-revised edition (ITERS-R) (Harms et al.,
2017). This instrument measures the environmental quality of ECEC
centres for children from birth to 30 months of age, which has been
widely used to assess overall or global quality of child care environment
(Harms et al., 2017; Bisceglia et al., 2009; Bjørnestad and Os, 2018).
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The definition and measures of quality in ITERS-R draws from research
evidence from relevant fields including health, development and
education and considers professional views of best practice and the
practical constraints of real life in a ECEC setting. This 39-item
instrument has a well-established validity and reliability (Harms
et al., 2017). For the full 39 items, the intraclass correlation was
0.92; overall the scale also has a high level of internal consistency with
a Cronbach's alpha of 0.93 (Harms et al., 2017).
The 39 items are distributed into seven subscales: (i) space and
furnishings (e.g., indoor space; furniture for routine care and play;
provision for relaxation and comfort); (ii) personal care routines (e.g.,
nap, diapering and toileting; health practices; safety practices); (iii)
listening and talking (e.g., helping children understand language;
helping children use language; using books); (iv) activities (e.g., fine
motor; active physical play; art; music and movement; use of TV, video
and/or computer); (v) interaction (e.g., supervision of play and
learning; peer interaction; staff-child interaction); (vi) program struc-
ture (e.g., schedule; free play; group play activities); and (vii) parents
and staff (e.g., provisions for parents; staff interaction and cooperation;
staff continuity). Each item consists of several indicators and is rated on
a 7-point scale: 1 (inadequate), 3 (minimal/adequate), 5 (good) and 7
(excellent). Scores for each item are aggregated to produce an average
score for each subscale, and overall scores are computed for the full
scale (Harms et al., 2017).
Following the ITERS-R manual and scoring protocol, all observers
viewed a training video prior to the live observations. The scoring
ratings were based on three and a half to four hours of observation
followed by an interview with the educators to gather information re-
garding the indicators that the observers were not able to observe
during the visit to the ECEC centre. All observations were double-coded,
with two trained observers simultaneously rating the measure. In cases
of disagreement, scores were discussed between the two observers and
reconciled scores were used in the data analysis (Harms et al., 2017).
2.2.3. Mediators
Physical activity, sedentary time and nap(s) were assessed using
waist-worn accelerometers (Actigraph GT3X+), which have estab-
lished validity and reliability in toddlers (Trost et al., 2012). Partici-
pants were asked to wear the monitors 24-hrs for 7 consecutive days,
except for water-based activities. During this period, parents and edu-
cators were also asked to log nap(s), nocturnal sleep and accelerometer
non-wear time for each child. Accelerometer data were collected using
a sampling rate of 30 Hz and re-integrated into 15-second epochs for
analyses (Cliff et al., 2009).
2.2.3.1. Nap(s). In order to identify nap(s), accelerometry data were
visually inspected minute by minute, with consideration of the activity
logs. Specifically, the nap onset was initially located when a switch in
the accelerometer output from the inclinometer sitting or standing to
inclinometer lying or off was detected, which should roughly agree with
the nap onset registered in the corresponding activity log. The onset
was then identified as the first minute followed by at least 10
consecutive minutes with a vector magnitude of zero in the output.
The nap offset was firstly located when a switch in the output from
inclinometer lying or off to inclinometer sitting or standing was
detected, which should roughly agree with the nap offset registered
in the activity log. The offset was then identified as the first minute
followed by at least 10 consecutive minutes with a vector
magnitude> 0 in the output. Then, nap duration was calculated as
the period between the onset time and the offset time. Similarly,
nocturnal sleep duration was identified with considering the nocturnal
sleep registered in the activity logs.
2.2.3.2. Physical activity and sedentary time. After identification of nap
(s) and nocturnal sleep, these periods were removed from the
accelerometer data, which were then analysed by an automated data
reduction program (ActiLife Software, Version 6.12.1 for Windows) to
identify awake wear time (20min of consecutive minutes of zero counts
were flagged as non-wear awake time (Cliff et al., 2009) and were also
excluded from the analysis) as well as durations of physical activity and
sedentary time. Levels of activity were classified using the following
cut-points for toddlers (Trost et al., 2012): sedentary time (< 25
counts/15 s), light-intensity physical activity (25–420 counts/15 s)
and moderate-to-vigorous physical activity (MVPA) (> 420 counts/
15 s). The percentages of awake wear time spent in each of these
behaviours were then calculated.
2.2.4. Covariates
2.2.4.1. Chile age and sex. Child age and sex were assessed by parental
questionnaires.
2.2.4.2. Socio-economic status. Family socio-economic status of the
children was assessed using postcode of residence and allocating from
the corresponding value from the Australian Socio-Economic Indexes
for Areas 2011(SEIFA-Index of Relative Socio-Economic Disadvantage)
(Pink, 2011). A low score on this index indicates a high proportion of
relatively socio-economic disadvantaged people in an area (in terms of
people's access to material and social resources, and their ability to
participate in society). Using the score, deciles ranging from 1 to 10
(higher decile indicates relatively less socio-economic disadvantages)
are derived (Pink, 2011). For description purpose, participants were
categorized in three groups: low socio-economic status (decile= 1–3);
middle socio-economic status (decile= 4–6); and high socio-economic
status (decile= 7–10).
2.3. Statistical analysis
Descriptive statistics were presented as means and standard devia-
tions.
A multilevel mediation analysis was conducted to examine the di-
rect effects of independent variables (environmental rating of ECEC
centres) on the outcome (BMI z scores), as well as, the indirect effects
through potential mediators (percentage of awake time spent in light-
intensity physical activity, MVPA, sedentary time, or nap(s) duration)
in toddlers. Multilevel mediation analyses extend the classic mediation
model (that assumes independent observations) (Baron and Kenny,
1986; Preacher and Hayes, 2004) to clustered data by using multilevel
modelling (Rockwood, 2017; Rockwood and Hayes, 2017; Tofighi and
Thoemmes, 2014; Zhang et al., 2009). In the models, data collected at
the lower level (e.g. children level) are called level-1 data, while data
collected at a higher level (e.g. ECEC centre level) are called level-2
data (Rockwood, 2017; Rockwood and Hayes, 2017; Tofighi and
Thoemmes, 2014; Zhang et al., 2009). In the current study, a 2–1-1
model was employed, in which the first, second, and third numbers
correspond to measurement levels of the independent (i.e. ECEC en-
vironmental rating – level 2 data), mediator (i.e. movement behaviours
– level 1 data) and outcome (i.e. adiposity– level 1 data) variables,
respectively (Fig. 1) (Tofighi and Thoemmes, 2014; Zhang et al., 2009).
Level-1 covariates (i.e. age, gender and socio-economic status) were
also included in the adjusted models. Parameters for the models, in-
cluding fixed effects of independent variables and mediators as well as
random effects of mediators (only random intercepts between media-
tors and the outcome were estimated (Zhang et al., 2009)), were esti-
mated using restricted maximum likelihood estimation (Rockwood,
2017). Since the ECEC centre-level independent variables did not vary
at the individual level, the within-group effects of independent vari-
ables were omitted (Rockwood, 2017; Tofighi and Thoemmes, 2014).
The mediation effects were therefore presented as between-group in-
direct effect (Zhang et al., 2009) (i.e. the effect of the group differences
in independent variables on the outcome through mediators)
(Rockwood, 2017).
The significance level was set at p < 0.05. The MLmed macro for
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SPSS (Version 24.0, IBM, USA) for the mediation models was used
(Rockwood, 2017; Rockwood and Hayes, 2017). This macro is available
from: https://njrockwood.com/mlmed/.
3. Results
Table 1 presents the descriptive characteristics of the 274 partici-
pants (52.6%boys), with 23.7% being overweight or obese and 76.3%
being normal weight. Participants were on average 19.73 ± 4.15
months old. Nearly half of their time at ECEC centres was spent being
sedentary (47.2%).
The environmental rating scores of ECEC centres (N=27) are de-
scribed in Table 2. Of the 7 environmental subscales, “program struc-
ture” was the one with the highest average score (5.79 ± 1.26)
whereas “personal care routine” the one with lowest average score
(4.52 ± 1.27).
Results from unadjusted multilevel mediation analyses suggested
that there were no direct effects of environmental rating scores on BMI
z-scores; no indirect effects through the percentage of awake time spent
in light physical activity, moderate-to-vigorous physical activity or se-
dentary time, or nap duration (Tables S1–4 & Fig. S1–S4). Similarly, no
significant direct or indirect effects of environmental rating scores on
BMI z-scores were found in the adjusted models after controlling for
age, sex and socio-economic status (Tables 3–6 & Fig. S5–S8).
The environmental rating subscales “personal care routine”
(B= 0.72, p=0.041) and “activities” (B=0.87, p < 0.050) were
positively associated with the percentage of awake time spent in
moderate-to-vigorous physical activities, after controlling for age,
gender and socio-economical status (Table 4). Also, the subscale “
listening and talking” was strongly associated with nap duration after
controlling for the same covariates (B=4.08 p=0.001) (Table 6).
None of the daily movement behaviours were significantly associated
with BMI z-scores.
4. Discussion
4.1. Overview of findings
In our study, there were neither significant direct effects of en-
vironmental characteristics on toddlers’ adiposity nor indirect effects
through the percentage of time they spent in physical activity or se-
dentary time or from their nap duration. However, the environmental
characteristics of “personal care routine” and “activity” were positively
associated with the percentage of time these toddlers spent in MVPA. At
the same time, “listening and talking” was positively associated with
nap(s) durations.
Neither direct nor indirect effects of environmental characteristics
of ECEC centres on adiposity were significant in our study. Although
previous studies have shown that environment may play a significant
role in the development of overweight and obesity (Hill et al., 2003;
Bouret et al., 2015; Silventoinen et al., 2007), it seems to manifest over
a long time and, therefore, it may be difficult to be observed in children,
younger than two years of age (Silventoinen et al., 2007). Indeed, in
previous observational studies, the associations between environmental
characteristics of ECEC centres and adiposity in young children were
predominantly null (Zhang et al., 2017). Moreover, interventions in
ECEC centres with longer follow-up periods were more likely to detect
changes both in intermediate behaviours as well as in adiposity,
whereas those with shorter follow-up periods tended to only have ef-
fects on intermediated behaviours (Zhou et al., 2014). In this light, the
direct and indirect relationships between environmental characteristics
of ECEC centres and adiposity in toddlers need to be further in-
vestigated through longitudinal and experimental studies with long
follow-up designs. Secondly, there may be other environmental char-
acteristics, rather than those examined in the present study, that may be
associated with adiposity in young children. For example, there is no
item on the ITERS-R scale assessing educators physical activity levels;
however, it was evident in a study with 434 German children aged 3–6
years that educators’ habitual physical activity level was associated
with these young children’ weight status (Hoffmann et al., 2014). This
association may be mediated by children's physical activity, that is,
educators with higher levels of physical activity may promote children’
physical activity (Ward et al., 2009), which in turn could have a ben-
eficial effect on children's adiposity (Timmons et al., 2012). Thus, it
would be interesting if future studies consider a broader spectrum of
environmental characteristics, in order to increase our understanding of
how environmental influences of ECEC centres influence young chil-
dren's adiposity and the mediating roles of daily movement behaviours.
Fig. 1. Illustration of a 2–1-1 multilevel mediation model. Path a represents the
between-group effect of environment on daily movement behaviours. Path b
represents the between-group effect of daily movement behaviours on adiposity
controlling for environment. Path c′ represents the between-group direct effect
of environment on adiposity.
Table 1
Participants’ characteristics.
Variables All n= 274 (mean± standard
deviation)
Age (months) 19.73 ± 4.15
Body Mass Index (kg/m2) 17.82 ± 1.67
Average awake wear time (min/day) 536.67 ± 113.27
Percentage of time spent in Light Physical
Activity (%)
42.56 ± 5.32
Percentage of time spent in Moderate to
Vigorous Physical Activity (%)
10.28 ± 3.89
Percentage of time spent in Sedentary
Behaviours (%)
47.16 ± 7.90






Environmental rating scores for all centres.
Subscales Score (N=27) (mean± standard deviation)
Space and furnishings 5.06 ± 0.83
Personal care routines 4.52 ± 1.27
Listening and talking 5.19 ± 1.80
Activities 4.71 ± 0.93
Interaction 5.64 ± 1.30
Program structure 5.79 ± 1.26
Parents and staff 4.90 ± 1.02
Full scale 4.99 ± 0.79
Note: Each subscale consists of several items rated on a 7-point scale: 1 (in-
adequate), 3 (minimal/adequate), 5 (good) and 7 (excellent). Scores for each
item are aggregated to produce an average score for each subscale, and overall
scores are computed for the full scale.
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Lastly, indirect effects of environmental characteristics on adiposity
may also be mediated through other potential variables, such as dietary
intake, dietary behaviour and stress level. For example, previous studies
have reported that children attending high-quality ECEC services had
lower stress levels compared to those who attending lower quality ECEC
services (Charrois et al., 2017; Romano et al., 2010). In turn, an ele-
vated cortisol level (a hormone sensitive to stress) responding to stress
has been associated with obesity (Hewagalamulage et al., 2016).
Therefore, inclusion of stress levels and other potential mediators in
future mediation analyses may help to better understand how ECEC
environments influence young children's adiposity.
None of the environmental characteristics examined in the present
study were associated with light-intensity physical activity, whereas
“personal care routine” and “activity” were positively associated with
MVPA in our sample. ECEC centres with higher rating scores in the
“activity” subscale were more likely to provide higher quality activities
(Harms et al., 2017). Since most of the activities observed (e.g. fine
motor, gross motor, music and movement, dramatic play, sand and
water play (Harms et al., 2017), less use of screen devices) seem to
encourage physical activity, children could be more likely to engage in
MVPA when attending ECEC centres with higher “activity” ratings,
compared with those attending ECEC centres with lower ratings. Si-
milarly, previous studies have found that the children attending ECEC
centres, which provide greater active play opportunities, spent more
time in physical activity (Tonge et al., 2016; Ward et al., 2009; Bower
et al., 2008; Vanderloo et al., 2015). This provides guidance to help
inform practice in ECEC; ECEC centres could increase physical activity
levels in young children by improving the quality of active play activ-
ities.
Interestingly, ECEC centres with higher rating scores in the “per-
sonal care routines” subscale were associated with more MVPA in
toddlers. These centres are more likely to provide higher standard and
warmer care, and, specifically, to keep children healthy, hygienic and
safe. We speculate that this might be related to children's MVPA
through psychological factors, such as feeling secure and safe, since
greater psychological wellbeing has been associated with higher levels
of physical activity in this age group (Kremer et al., 2014; Sterdt et al.,
2014). However, this speculation needs to be further confirmed by fu-
ture studies.
The environmental rating scores for “ listening and talking” was
positively associated with toddlers’ nap duration. This subscale evalu-
ates the way educators communicate with children, in terms of helping
them understand and use language, as well as books use (Harms et al.,
2017). One possible explanation for its association with toddlers’ nap(s)
duration may relate to their stress reactivity. Indeed, children tend to
have a low level of cortisol in a high-quality ECEC centres (Gunnar
et al., 2010; Watamura et al., 2009), especially when they feel secure
and comfortable being with educators (Badanes et al., 2012; Lisonbee
et al., 2008). Since cortisol levels have been associated with nap
duration (Ward et al., 2008; Schlarb et al., 2016), children attending
ECECs with higher ratings in “listening and talking” may have a longer
nap time because they feel less stressful. Alternatively, the relationship
Table 3
Adjusted multilevel mediation models of light-intensity physical activity (the percentage of awaking wear time) in relationships between environmental rating of
ECEC centres and BMI z-scores.
Independent variables Path a Path b Path c′ Indirect effect
B p value B p value B p value B (95%CI) p value
Space and furnishings −0.34(−1.54,0.87) 0.566 0.06(−0.02,0.13) 0.160 0.01(−0.20,0.23) 0.919 –0.02 (−0.11,0.05) 0.647
Personal care routines −0.03(−0.94,0.87) 0.937 0.05(−0.02,0.13) 0.160 0.02(−0.14,0.18) 0.805 −0.002(−0.07,0.06) 0.947
Listening and talking −0.01(−0.56,0.55) 0.985 0.06(−0.02,0.13) 0.146 0.05(−0.05,0.14) 0.330 −0.0003(−0.04,0.04) 0.987
Activities 0.32(−0.81,1.45) 0.563 0.06(−0.02,0.13) 0.162 −0.01(−0.21,0.20) 0.948 0.02(−0.05,0.11) 0.646
Interaction −0.11(−0.97,0.75) 0.790 0.06(−0.02,0.13) 0.126 0.09(−0.05,0.23) 0.207 −0.01(−0.07,0.05) 0.821
Program structure 0.02(−0.86,0.91) 0.963 0.05(−0.02,0.13) 0.158 0.08(−0.07,0.23) 0.293 0.001(−0.06,0.06) 0.969
Parents and Staff −0.23 (−1.22,0.76) 0.637 0.06(−0.02,0.13) 0.140 0.06(−0.12,0.23) 0.510 −0.01(−0.09,0.05) 0.698
Full scale −0.10(−1.53,1.33) 0.888 0.06(−0.02,0.13) 0.150 0.10(−0.12,0.34) 0.427 −0.01(−0.11,0.10) 0.906
Abbreviation: CI, confidence interval.
Please note: Path a represents the between-group effect of environment on light physical activity. Path b represents the between-group effect of light physical
activity on z-BMI controlling for environment. Path c′ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the between-
group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of light physical activity on z-BMI is constant for all models, B
= 0.01, p=0.211. All models were adjusted for level-1 covariates, including age, sex, and socio-economic status.
Table 4
Adjusted multilevel mediation models of moderate-to-vigorous physical activity (the percentage of awaking wear time) in relationships between environmental
rating of ECEC centres and BMI z-scores.
Independent variables Path a Path b Path c′ Indirect effect
B (95%CI) p value B (95%CI) p value B (95%CI) p value B (95%CI) p value
Space and Furnishings −0.26(−1.29,0.76) 0.600 −0.002(−0.10,0.10) 0.966 −0.01(−0.23,0.22) 0.951 −0.001(−0.06.0.06) 0.984
Personal Care Routines 0.72(0.03,1.40)* 0.041 −0.01(−0.12,0.10) 0.878 0.02(−0.16,0.21) 0.784 −0.01(−0.09,0.08) 0.888
Listening and Talking 0.07(−0.39,0.54) 0.745 −0.004(−0.10,0.09) 0.929 0.04(−0.06,0.14) 0.368 −0.0003(−0.02,0.03) 0.978
Activities 0.87(0.0002,1.74)* 0.050 −0.01(−0.12,0.10) 0.878 0.02(−0.21,0.25) 0.784 −0.01(−0.09,0.08) 0.888
Interaction −0.16(−0.89,0.56) 0.646 0.004(−0.09,0.10) 0.928 0.09(−0.07,0.24) 0.265 −0.001(−0.04,0.04) 0.969
Program Structure −0.19(−0.93,0.56) 0.606 0.005(−0.10,0.10) 0.925 0.08(−0.08,0.25) 0.298 −0.001(−0.04,0.04) 0.965
Parents and Staff 0.03(−0.80,0.87) 0.938 −0.003(−0.10,0.10) 0.964 0.04(−0.14,0.22) 0.641 −0.0001(−0.04,0.04) 0.996
Full Scale 0.50(−0.69,1.69) 0.389 −0.01(−0.11,0.09) 0.851 0.10(−0.17,0.36) 0.454 −0.005(−0.09,0.07) 0.901
Abbreviation: CI, confidence interval.
Please note: Path a represents the between-group effect of environment on moderate-to-vigorous physical activity. Path b represents the between-group effect of
moderate-to-vigorous physical activity on z-BMI controlling for environment. Path c′ represents the between-group direct effect of environment on z-BMI. The
confidence intervals of the between group indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of moderate-to-vigorous
physical activity on z-BMI is constant for all models, B= 0.01, p=0.406. All models were adjusted for level-1 covariates, including age, sex, socio-economic status.
* p < 0.05.
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between “listening and talking” rating scores and toddlers nap duration
may be explained by their language development, since previous stu-
dies have reported that infants who napped tended to perform better in
language learning than those who did not nap (Hupbach et al., 2009;
Gómez et al., 2006). If that is the case, nap(s) duration may play a
moderating role in the relationships between language promoting en-
vironments in ECEC centres and language development in toddlers,
although this speculation needs to be further confirmed by future stu-
dies.
None of the environmental characteristics examined was associated
with sedentary time in toddlers. Indeed, few environmental character-
istics of ECEC centres (i.e. outdoor environment, active opportunities
and service quality) examined in previous studies have been associated
with children's objectively measured sedentary time (Tonge et al.,
2016). However, ECEC centres may encourage sedentariness as some
children may spend up to 80% of their childcare day in sedentary ac-
tivities (Santos et al., 2016; Reilly, 2010). In order to reduce these se-
dentary time in young children, more studies are needed to identify
other environmental characteristics of ECEC centres associated with
their sedentary time.
4.2. Strengths and limitations
To the best of our knowledge, the present study is the first to ex-
amine the associations between environmental characteristics of ECEC
centres and adiposity mediating through physical activity, sedentary
time and nap, in toddlers. The use of an observational measure allowed
the objective assessment of the quality of the ECEC centres’ environ-
ment. Daily movement behaviours in young children were also mea-
sured objectively, with the use of accelerometers. These objective
measures of the main variables of interest for this study should be
considered its greatest strength, as they can be more accurate than
subjective measures used in previous studies. Another strength of the
study is the use of multilevel mediation analysis, which allowed us to
take into account the clustered nature of the data. However, this study
is not without limitations. First, due to the cross-sectional design,
causality of the relationships identified in this study cannot be inferred.
Second, the sample is not representative which means the results are
not generalizable. Lastly, due to the availability of data, some potential
covariates, such as children's dietary behaviours or stress level, were
not considered in the analysis.
5. Conclusion
Collectively, our hypothesis was not confirmed by our results. The
environmental characteristics and overall quality of ECEC centres ex-
amined in the present study have neither direct effects on toddlers’
adiposity nor indirect effects through daily movement behaviours, al-
though these relationships need to be confirmed by future longitudinal
and experimental studies with long follow-up periods. A broader
spectrum of environmental characteristics of ECEC centres needs to be
examined with toddlers’ adiposity in future studies as well as these
mediators. The mediating roles of other variables, such as stress levels
or dietary intake and dietary behaviour, are also recommended to
Table 5
Adjusted multilevel mediation models of sedentary time (the percentage of awaking wear time) in relationships between environmental rating of ECEC centres and
BMI z-scores.
Independent variables Path a Path b Path c′ Indirect effect
B (95%CI) p value B (95%CI) p value B (95%CI) p value B (95%CI) p value
Space and furnishings 0.59(−1.49,2.67) 0.560 −0.02(−0.07,0.03) 0.431 0.004(−0.22,0.23) 0.969 −0.01(−0.09,0.05) 0.736
Personal care routines −0.67(−2.19,0.86) 0.372 −0.02(−0.07,0.03) 0.448 0.01(−0.16,0.17) 0.945 0.01(−0.03,0.08) 0.651
Listening and talking −0.08(−1.04,0.87) 0.860 −0.02(−0.06,0.03) 0.430 0.04(−0.06,0.14) 0.369 0.002(−0.03,0.03) 0.430
Activities −1.19(−3.07,0.69) 0.202 −0.012(−0.07,0.03) 0.432 −0.01(−0.23,0.21) 0.924 0.02(−0.04,0.12) 0.566
Interaction 0.24(−1.24,1.72) 0.735 −0.02(−0.07,0.03) 0.357 0.09(−0.06,0.24) 0.226 −0.01(−0.06,0.04) 0.819
Program structure 0.14(−1.39,1.67) 0.849 −0.02(−0.07,0.03) 0.390 0.08(−0.07,0.24) 0.275 −0.002(−0.05,0.04) 0.900
Parents and staff 0.23(−1.47,1.93) 0.785 −0.02(−0.07,0.03) 0.415 0.04(−0.14,0.22) 0.611 −0.004(−0.06,0.05) 0.863
Full scale −0.42(−2.88,2.05) 0.728 −0.02(−0.07,0.03) 0.460 0.08(−0.17,0.34) 0.501 0.01(−0.06,0.09) 0.838
Abbreviation: CI, confidence interval.
Please note: Path a represents the between-group effect of environment on sedentary behaviour. Path b represents the between-group effect of sedentary behaviour
on z-BMI controlling for environment. Path c′ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the between group
indirect effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of sedentary behaviour on z-BMI is constant for all models, B= -0.01,
p=0.199. All models were adjusted for level-1 covariates, including age, sex, socio-economic status.
Table 6
Adjusted multilevel mediation models of nap(s) duration in relationships between environmental rating of ECEC centres and BMI z-scores.
Independent variables Path a Path b Path c′ Indirect effect
B (95%CI) p value B (95%CI) p value B (95%CI) p value B (95%CI) p value
Space and Furnishings 5.51(−0.83,11.85) 0.849 −0.01(−0.02,0.01) 0.513 0.02(−0.22,0.25) 0.874 −0.03(−0.14,0.06) 0.579
Personal Care Routines −0.53(−5.72,4.67) 0.836 −0.005(−0.02,0.01) 0.530 0.02(−0.15,0.18) 0.838 0.002(−0.04,0.05) 0.530
Listening and Talking 4.08 (1.66,6.49)* 0.001 −0.01(−0.03,0.005) 0.149 0.09(−0.02,0.21) 0.113 −0.05(−0.14,0.02) 0.189
Activities −1.48(−7.97,5.00) 0.641 −0.005(−0.02,0.01) 0.531 0.01(−0.20,0.22) 0.943 0.01(−0.05,0.08) 0.813
Interaction 3.88(−0.58,8.33) 0.083 −0.01(−0.02,0.01) 0.273 0.11(−0.05,0.27) 0.154 −0.03(−0.12,0.03) 0.383
Program Structure 3.53(−1.13,8.20) 0.192 −0.01(−0.02,0.01) 0.317 0.11(−0.06,0.27) 0.198 −0.03(−0.11,0.03) 0.447
Parents and Staff 2.50(−3.08,8.08) 0.364 −0.01(−0.02,0.01) 0.458 0.05(−0.13,0.24) 0.547 −0.01(−0.09,0.04) 0.653
Full Scale 5.14(−2.63,12.92) 0.183 −0.01(−0.02,0.01) 0.383 0.12(−0.15,0.39) 0.348 −0.03(−0.16,0.05) 0.523
Abbreviation: CI, confidence interval.
Please note: Path a represents the between-group effect of environment on nap(s) duration. Path b represents the between-group effect of nap(s) duration on z-BMI
controlling for environment. Path c′ represents the between-group direct effect of environment on z-BMI. The confidence intervals of the between group indirect
effect were estimated using 10,000 Monte Carlo stimulations. The within-group effect of nap(s) duration on z-BMI is constant for all models, B=−0.001, p=0.627.
All models were adjusted for level-1 covariates, including age, sex, socio-economic status.
* p < 0.05.
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include in future studies.
The associations between the environmental characteristic of “ac-
tivity” and toddlers MVPA indicates that, in practice, ECEC centres
could promote a higher level of physical activity in young children by
improving the quality of play activities and by providing more active
opportunities. At the same, more studies are needed to understand the
associations between “personal care routine” and MVPA, the associa-
tions between “listening and talking” and nap, as well as other potential
environmental characteristics associated with sedentary time, in young
children.
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a b s t r a c t
Objective: To explore the correlates of nocturnal sleep duration, nocturnal sleep variability, and nocturnal
sleep problems in a sample of Australian toddlers.
Methods: Participants were 173 toddlers (average age 19.7 ± 4.1 months) from the GET UP! Study.
Nocturnal sleep duration, nocturnal sleep variability, nap(s) and physical activity were measured using
24-h accelerometry (Actigraph GT3Xþ) over seven consecutive days. Nocturnal sleep problems were
assessed using the Tayside Children's Sleep Questionnaire. Screen time was reported by the parents.
Logistic regression models were used to examine the associations between potential correlates (ie, age,
sex, socio-economic status, weight status, physical activity, screen time, nap(s), bedtimes, and wake-up
times) and nocturnal sleep characteristics.
Results: Older children were more likely to have greater sleep variability (OR: 1.97; 95% CI: 1.08e3.61).
Less physical activity (OR: 2.38; 95% CI: 1.27e4.45), shorter nap(s) (OR: 2.42, 95% CI: 1.29e4.55), and later
wake-up times (OR: 4.42; 95% CI: 2.32e8.42) were associated with higher odds of having longer
nocturnal sleep duration. Late bedtimes were associated with shorter nocturnal sleep duration (OR: 0.09;
95% CI: 0.04e0.18) and with greater nocturnal sleep variability (OR: 1.97; 95% CI: 1.06e3.68). None of the
potential correlates were associated with nocturnal sleep problems.
Conclusion: The present study identifies several correlates of nocturnal sleep duration (total physical
activity, nap(s), bedtime, and wake-up time) and nocturnal sleep variability (age and bedtime), whereas
no correlates were identified for nocturnal sleep problems. The association between late bedtimes and
shorter nocturnal sleep duration and greater nocturnal variability suggests that these may be modifiable
targets for future sleep interventions in early childhood.
Trial registration: Australian New Zealand Clinical Trials Registry: ACTRN12616000471482, 11/04/2016,
retrospectively registered.
© 2018 Elsevier B.V. All rights reserved.
1. Introduction
Sleep plays an important role in growth, development, and
health during our the early years [1e3]. Short sleep duration during
the first five years of life has been associated with higher levels of
adiposity [4e6], increased risk of psychological problems [6,7],
impaired growth [6], and lower school readiness [8]. Greater
nocturnal sleep variability, referred to the variations in nocturnal
sleep durations (sometimes referred as variations in sleep/wake
patterns) [9], has been associated with poorer preschool adjust-
ment [10] behaviour problems [10], and less efficient neural pro-
cessing [11] in young children. Nocturnal sleep problems, especially
difficulties in initiating andmaintaining sleep, are commonly found
in young children [12] and are likely to impact children's socio-
emotional functioning [13]. These implications for growth
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development and health make it important to understand the
correlates of nocturnal sleep in the early years of life, when sleep
patterns are being established [14e16].
Physical activity has been pointed out as a potential correlate of
sleep. The few studies that have examined the associations be-
tween total physical activity and nocturnal sleep characteristics in
preschoolers have reported mixed results [4,17e20]. Previous
studies reported null associations between moderate-to-vigorous
physical activity (MVPA) and nocturnal sleep duration in pre-
schoolers [17,19,20]. Despite limited research in toddlers, there is
evidence suggesting a positive association between MVPA and
nocturnal sleep duration [4]. The inconsistency in previous litera-
ture requires greater understanding of the associations between
physical activity and nocturnal sleep characteristics in early child-
hood, especially in toddlerhood.
Screen time has also been suggested as a correlate of nocturnal
sleep duration. Longer screen time has been associated with
shorter nocturnal sleep duration among preschoolers [21,22] and
toddlers [23]. Previous studies have shown that television viewing
for more than 2 h per day may negatively impact nocturnal sleep
duration in preschoolers [24,25]. However, with the advent of other
electronic devices (eg, tablets and smartphones), screen time en-
compasses more than television viewing; and therefore the impact
of the use of these devices by young children on nocturnal sleep
needs to be taken into consideration when examining the corre-
lates of nocturnal sleep. With the development of screen time
guidelines for young children in a few countries [26,27], it may also
be important to understand whether meeting the guideline is
associated with nocturnal sleep duration as well as with other
nocturnal sleep characteristics in these children.
More studies are still warranted to understand the associations
between nocturnal sleep and other sleep characteristics in young
children. For example, napping, as an important part of sleep pat-
terns in the first five years of life [28], has been explored in asso-
ciation with nocturnal sleep duration among young children; yet,
results were mixed [4,22,29e35]. More consistent findings have
been reported in the associations between late bedtimes in tod-
dlers and shorter nocturnal sleep duration [4,22,23], whereas little
is known regarding the associations between bedtimes and
nocturnal sleep problems or nocturnal sleep variability at this age
[36].
At the same time, some demographic variables have been
associated with nocturnal sleep characteristics in early childhood,
and therefore may potentially be considered as correlates. For
example, age has been associated with nocturnal sleep duration in
children under the age of three years, with younger children having
a longer nocturnal sleep duration than older children [14,37]. Sex
may also be a correlate of nocturnal sleep duration in toddlers, with
evidence suggesting boys are more likely to have shorter nocturnal
sleep duration than girls [23]. However, a recent systematic review
[9] did not find sex differences in nocturnal sleep variability in
preschool-aged children. In previous studies [4,16,23] socioeco-
nomic status has also been associated with nocturnal sleep dura-
tion in young children. For example, a study with 240 US toddlers
from low-income families [4] found that children from families
below the poverty threshold had shorter nocturnal sleep duration,
compared with those from more affluent families. Weight status
may also be a nocturnal sleep correlate, as evidence has suggested
that young children who are overweight are more likely to have
shorter nocturnal sleep duration [4,25,38]. Thus, age, sex, socio-
economic status, and weight status should also be accounted for
when examining the associations between nocturnal sleep char-
acteristics and other potential correlates (eg, physical activity).
Collectively, only a limited number of studies have investigated
those potential correlates in associations with nocturnal sleep
characteristics in toddlerhood, especially as they relate to sleep
variability [9] and sleep problems [39]. Moreover, sleep character-
istics in previous studies [4,14,18e25,29e32,35,37,38,40] were
assessed predominantly with subjective measures (mainly parental
reports), which are less accurate than objective measures [41,42]
and could therefore affect the strength of the evidence. The cur-
rent gaps warrant future research on the correlates of nocturnal
sleep characteristics in the early years, as this could inform the
design of future interventions aimed at improving nocturnal sleep
in young children.
Thus, the objective of this study was to explore the correlates of
nocturnal sleep duration, nocturnal sleep variability, and nocturnal
sleep problems in a sample of Australian toddlers. Our hypothesis
was that girls or children in families of higher socioeconomic status
would be more likely to have longer nocturnal sleep duration,
greater nocturnal sleep variability, and more sleep problems;
whereas older children or overweight children would be less likely
to have longer nocturnal sleep duration, greater nocturnal sleep
variability, and more sleep problems. We also hypothesised that
toddlers having shorter nap(s) duration or late wake-up times
would be more likely to have longer nocturnal sleep duration,
greater nocturnal sleep variability, and more sleep problems;
whereas toddlers spending less time in total physical activity or in
MVPA, not meeting the Australian screen time guideline or having
late bedtimes, would be less likely to have longer nocturnal sleep
duration, greater nocturnal sleep variability, and more sleep
problems, after adjusting for covariates including age, sex, socio-
economic status, and weight status.
2. Methods
2.1. Participants
Baseline data from the GET UP! Study [43], a 12-month cluster
randomized controlled trial (RCT) aimed at examining the effects of
reducing sitting time on cognitive development and executive
functions in Australian toddlers, were secondarily analysed. Sam-
pling and data collection procedures of the RCT are described
elsewhere [43]. Briefly, 335 toddlers aged between 12 and 28
months (average 19.8 ± 4.1 months) at baseline participated in the
RCT. Of these, 284 had valid accelerometry data and 173 had
complete data on all the other variables of interest, including at
least two 24-h periods of the data and therefore constitute the final
sample of the current analysis. Childrenwhowere excluded did not
significantly differ in their descriptive characteristics from those
who were included in the present analysis. The University of
Wollongong's Human Research Ethics Committee approved the
study protocol (HE15/236), and the study was registered in the
Australian and New Zealand Clinical Trials Registry
(ACTRN12616000471482, 11/04/2016, retrospectively registered).
2.2. Measures
2.2.1. Accerometry data
Sleep (including nap and nocturnal sleep) and physical activity
were assessed using waist-worn accelerometers (Actigraph
GT3Xþ). This monitor has established validity and reliability to
measure sleep time in children [44,45]. Participants were asked to
wear the accelerometer for seven consecutive 24-h periods, except
for water-based activities. In addition, activity logs registered by
parents and educators were used as complementary sources in the
evaluation of nap(s), nocturnal sleep, and accelerometer non-wear
time. Accelerometry data were collected using a sampling rate of
30 Hz and then integrated into 15-s epochs [46] for analysis.
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Children had to have at least two 24-h periods of accelerometry
data to be considered for analysis.
2.2.2. Sleep duration, sleep timing, and sleep variability
Accelerometry data were visually inspected minute by minute,
considering the activity logs, in order to identify nap(s), bedtimes,
and wake-up times. Bedtime was initially located when a change in
the accelerometer output from the sitting or standing position to
the lying or off position was detected [45], which should roughly
agree with the nap and bedtimes registered in the activity logs.
Bedtime was then identified as the first minute followed by at least
10 consecutive minutes with a vector magnitude of 0 in the
accelerometry data files. Wake-up time was first located when a
change in the inclinometer output from the lying or off position to
the sitting or standing positionwas detected, which should roughly
agree with the nap andwake-up time registered in the activity logs.
Wake-up time was then identified as the first minute of at least 10
consecutive minutes with a vector magnitude of >0.
Nocturnal sleep duration was defined as time between bedtime
and wake-up time. Average nap and nocturnal sleep duration were
categorized into two groups (shorter vs longer durations) according
to the median values (nap: 87.2 min/day; nocturnal sleep:
646.8 min/day). Nocturnal sleep timing (bedtime/wake-up time)
was calculated as themean over days with valid data. Usingmedian
split (19:54:00) for bedtime of the sample, participants were clas-
sified into two groups: early bedtime and late bedtime. Similarly,
participants were also classified as either an early wake-up time
group or late wake-up time group, according to themedian value of
the sample (6:46:29 am). Nocturnal sleep variability was identified
as the intrasubject standard deviation over the days with valid data
and was categorized into two groups according to the median
(59.2 min/day).
2.2.3. Physical activity
After identifying sleep period times, accelerometry data were
analysed by an automated data reduction program (ActiLife Soft-
ware, Version 6.12.1 for Windows) to identify the duration and
intensity of physical activity. Additionally, 20 min of consecutive
minutes of zero counts of the accelerometer were flagged as non-
wear awake time [46] and were also excluded from the analysis.
Physical activity was classified using the following cut-points for
toddlers [47]: light-intensity physical activity (25e420 counts/15 s)
and MVPA (>420 counts/15 s). Total physical activity duration was
also calculated as the sum of light-intensity physical activity and
MVPA. Average total physical activity duration was initially
dichotomized according to current Australian physical activity
guidelines (180 min of total physical activity for toddlers) [26].
However, most children (98.8%) in the sample met the guideline,
making this classification inappropriate for further statistical ana-
lyses. Therefore, a median split (302.9 min/day) for total physical
activity was used instead to dichotomize the sample. Average
MVPA duration was also categorized into two groups according to
the median (55.1 min/day).
2.3. Questionnaire data
Age, sex, nocturnal sleep problems, and screen time were re-
ported by parents.
2.3.1. Age
Age was dichotomized according to the median value (20
months).
2.3.2. Nocturnal sleep problems
Sleep problemswere assessed using the Tayside Children's Sleep
Questionnaire, which is a 10-item scale (Table S1) that evaluates the
ability of initiating and maintaining sleep in children aged 1e5
years [48,49]. For each item, the scores range from 0 to 4. For the
first question, the five-point scale is rated according to intensity:
“How long after going to bed does your child usually fall asleep?”
(0 ¼ 15 min, 1 ¼15e30 min, 2 ¼ 30e45 min, 3 ¼ 45e60 min, and
4 ¼ 60 min); and for the remaining questions the five-point scale
are rated according to frequency (0 ¼ the sleep behaviour never
occurs; 1 ¼ the problem occurs once or twice a month; 2 ¼ the
problem occurs one or two times a week; 3 ¼ the problem occurs
between three and five nights a week and 4 ¼ the sleep problem
happens every night). Only the first nine questions are designed to
be summed, with a possible cumulative score ranging from 0 to 36;
higher scores indicate more sleep problems [48]; question 10 is to
ascertain parents' perception of the problem. The sample was
dichotomized according to a diagnostic cut-off score of 8, with
higher scores indicating disorders in initiating and maintaining
sleep [48]. Cronbach's a for the full scale was 0.79 in our sample,
and removing question 10 affected the parameter only marginally
to 0.78.
2.3.3. Screen time
Screen time was assessed with the question ‘For how long does
this child use screen entertainment, on a typical weekend day?’ and
‘For how long does this child use screen entertainment, on a typical
weekday?’ According to parents' reports, daily average screen time
was calculated as: (weekday screen time * 5 þ weekend day screen
time * 2)/7. Participants were classified into two groups (meeting the
guideline vs not meeting the guideline), according to the current
Australian guidelines for screen time in young children (none for
children<2 years and60min/day for children aged 2e5 years) [26].
2.4. Socioeconomic status data
Participants’ socioeconomic status was assessed using the
family postcode address considering the Australian Socio-
Economic Indexes for Areas 2011(SEIFAIndex of Relative Socio-
Economic Disadvantage) [50]. The index ranges from 1 to 10
(higher index indicates relatively less socio-economic disadvantage
[50]). Participants were categorized into three groups: low socio-
economic status (SEFIA ¼ 1e3); middle socio-economic status
(SEFIA ¼ 4e6); and high socio-economic status (SEIFA ¼ 7e10).
Participants were also dichotomized according to the median value
of four for this indicator as low socio-economic status and middle
to high socio-economic status.
2.5. Anthropometry data
Height and weight were measured according to standard pro-
cedures [43]. Body mass index (BMI) was then calculated as weight
(kg)/height (m)2. Participants were also classified as nonover-
weight (ie, underweight or normal weight) or overweight/obese
according to the World Health Organization age- and sex-specific
criteria [51].
2.6. Statistical analysis
Descriptive characteristics are presented as means and standard
deviations or as percentages. Preliminary analysis precluded from
performing linear regression analysis, as the residuals from linear
regression models were not normally distributed. Therefore, the
dependent variables were dichotomized using a median split; lo-
gistic regression analyses was performed instead to examine the
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relationships between potential correlates (ie, age, sex, socio-
economic status, body mass index, physical activity, screen time,
nap(s), bedtimes, and wake-up times) and nocturnal sleep dura-
tion, sleep variability, or sleep problems as dependent variables.
The choice of potential correlates was based on previous evidence
and availability of data.
A sensitivity analysis was performed with children with at least
three days accelerometry data, and the results remained the same.
Statistical analyses were performed using SPSS 21.0 software (IBM
Corporation, Armonk, NY). The significance level was set at p< 0.05.
3. Results
Descriptive characteristics of the participants are presented in
Table 1. On average, nocturnal sleep durationwas 10.9 ± 1.2 h/night
and the sleep variability was 87.4 ± 122.0 min. Almost 60% of
toddlers had problems initiating and maintaining nocturnal sleep,
whereas none of the parents of our sample perceived sleep prob-
lems in their children. Regarding accelerometer wear time, 4.6% of
the participants had two 24-h days, 8.1% had three days, 6.9% had
four days, and 80.4% had five or more days of accelerometry data;
children were monitored on average for 5.8 ± 1.6 days.
As shown in Table 2, after adjustments for covariates, children
with late wake-up times (OR: 4.42; 95% CI: 2.32e8.42), shorter
nap(s) (OR: 2.42, 95% CI: 1.29e4.55) and less total physical activity
(OR: 2.38; 95% CI: 1.27e4.45) were more likely to have longer
nocturnal sleep duration. In contrast, children with late bedtimes
were less likely to have longer nocturnal sleep duration than those
with early bedtimes (OR: 0.09; 95% CI: 0.04e0.18).
Older children were also likely to have greater nocturnal sleep
variability (OR: 1.97; 95% CI: 1.08e3.61). Late bedtimes were
associated with nocturnal sleep variability after adjusting for
covariates (OR: 1.97; 95% CI: 1.06e3.68) (Table 3). None of the po-
tential correlates were associated with nocturnal sleep problems
(Table 4).
4. Discussion
4.1. Overview of findings
The results indicate that less physical activity, shorter nap(s)
duration, and late wake-up times were associated with increased
odds of having longer nocturnal sleep duration in toddlers, whereas
late bedtimes were associated with reduced odds of having longer
nocturnal sleep duration. At the same time, older children and
those with late bedtimes were more likely to have greater
nocturnal sleep variability.
Previous studies, with subjective measures (eg, parental ques-
tionnaires) of nocturnal sleep duration, have reported mixed re-
sults regarding the association between physical activity and
nocturnal sleep in young children [4,18,20]. However, our results
suggest an inverse relationship between physical activity and
nocturnal sleep in toddlers. This is consistent with recent cross-
sectional findings from preschoolers and school-aged children in
studies that used actigraphy to assess sleep [17,52,53]. One possible
explanation is that the time spent in physical activity displaces the
time spent in sleep, or vice versa. Specifically, in a 24-h period, a
reduction in the time spent in one activity (ie, sleep, physical ac-
tivity, or sedentary behaviour) may intrinsically relate to an in-
crease in the duration of other activities, given the finite nature of
time [54,55]. For example, childrenwithmore total physical activity
are likely to spend less time in nocturnal sleep if they still spend the
same amount of time on other daily routine activities (eg, having
meals, being with family members, or watching television) as those
who have less total physical activity. As total physical activity and
nocturnal sleep represent large proportions of daily time, the du-
rations of these two activities tend to be inversely related. This
hypothesis is further supported by the findings of a recent study
[53] using temporal analysis, in which a negative association was
found between physical activity during the day and sleep duration
on that night, as well as between nocturnal sleep duration and
physical activity on the following day. Due to this intrinsically co-
dependent relationship between total physical activity and
nocturnal sleep in a 24-h period, future studies are recommended
to use novel statistical analysis method, such as compositional data
analysis [54], to further understand the association between total
physical activity and nocturnal sleep duration, as well as their re-
lationships with health outcomes [54e56]. Furthermore, some
recent studies have reported that increased physical activity was
associated with better nocturnal sleep quality (eg, efficiency of
staying asleep [56]) in adolescents [57e59]. It could be important
for future studies to consider sleep quality when understanding the
influence of total physical activity on young children's nocturnal
sleep.
Results from studies in adults have consistently shown that
exercise is beneficial for nocturnal sleep [60]. However, the findings
regarding the association between MVPA and nocturnal sleep
duration in children are equivocal. In our study, MVPA was not
associatedwith nocturnal sleep duration, which is in contrast to the
positive association found in a previous study in the United States,
with 240 toddlers from families of low socioeconomic status [4].
Our study is consistent with the null association that was reported
in preschoolers [17]. Indeed, there are several proposed pathways
linking MVPA with better sleep in adults, such as fatigue [61],
increased energy consumption [62], and changes in mood/anxiety
symptoms [61,63]. However, children, especially those less than
five years of age [16], may react differently to MVPA, due to their
immature sleep regulation system and sleep pattern [15]. A further
understanding of how MVPA impacts nocturnal sleep in young
children warrants future work to explore the potential causal re-
lationships, as well as relevant physiological mechanisms.
The nap is a distinct sleep component in early childhood. During
this period, frequencies and durations of daytime nap(s) gradually
decline as nocturnal sleep becomes consolidated [15,16,28]. In our
study, shorter nap(s) in toddlers was associated with longer
nocturnal sleep duration, which is consistent with recent findings
from a systematic review in children less than five years of age [28].
Despite the inverse association, daytime nap(s) is unlikely to be a
substitute for nocturnal sleep, as they tend to have different
physiological functions for young children [6,23,29,64]. For
Table 1
Sample characteristics.
All sample (n ¼ 173)
Age (months) 19.73 ± 4.09
Socio-economic status
Low (% of total) 41.6
Middle (% of total) 37.0
High (% of total) 21.4
Body mass index 18.0 ± 1.7
Total physical activity (average min/day) 303.0 ± 51.7
MVPA (average min/day) 58.0 ± 20.2
Screen time (average min/day) 77.0 ± 62.3
Bedtime 19:57:02 ± 1:05:37
Wake time 06:51:59 ± 0:51:08
Nap (average h/day) 1.5 ± 0.4
Nocturnal sleep duration (average h/night) 10.9 ± 1.2
Nocturnal sleep variability (average min) 87.4 ± 121.0
Yes (% of total) 59.5
No (% of total) 40.5
Data are mean ± standard deviation. MVPA, moderate-to-vigorous physical activity.
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example, nap(s) may reduce daytime physiological stress by
reducing cortisol levels [65], whereas nocturnal sleep is likely to
promote physical growth [66], as the largest peak secretion of
growth hormone occurs after nocturnal sleep onset [67]. Although
current sleep guidelines refer to 24-h sleep duration for young
children [68], the optimal distribution between nap(s) and
nocturnal sleep remains unknown. It will be important for future
studies to identify the optimal distribution that maximizes health
benefits, by examining the doseresponse relationships between
combinations of nap(s) and nocturnal sleep duration and health
outcomes.
In our study, toddlers with a late bedtime were less likely to
sleep longer at night, which is consistent with previous findings in
toddlers and infants [16,37,69]. We also found that late wake-up
times were associated with longer nocturnal sleep duration.
However, young children with late bedtimes may not naturally
wake up late to maintain nocturnal sleep duration, as late bedtimes
may influence nocturnal sleep duration through the melatonin
rhythm, a reliable marker of the circadian rhythm that regulates
sleep [70,71]. Specifically, late bedtimes can delay melatonin
rhythm [72], which in turn can shorten melatonin rhythm duration
[73,74] and therefore decrease nocturnal sleep duration [75]. Our
results also show that late bedtimes were associated with greater
nocturnal sleep variability. The associations between late bedtimes
and nocturnal sleep outcomes may be important when considering
interventions to promote nocturnal sleep in young children.
In previous studies, screen time has been associated with
shorter nocturnal sleep duration [23,76e79], irregular bedtime
schedule [80], and sleep problems [81,82] in preschoolers. How-
ever, in our study, not meeting the Australian screen time guideline
was not associated with any of the nocturnal sleep outcomes. One
reason for the discrepancy could be the younger age range of our
sample, as the majority of the significant findings regarding the
associations between screen time and nocturnal sleep character-
istics have been reported in studies with preschool-aged children
[21,24,25]. Indeed, the associations may vary with age, because of
the significant developmental trend of young children's sleep. For
example, in a study with 7000 preschoolers in the United States,
there was no significant difference in nocturnal sleep duration
between children with more than 2 h of television viewing per day
and children watching less than 2 h of television per day at the age
of four years; yet the difference was significant at the age of five
years [25]. Second, the timing of screen use may influence the as-
sociation between nocturnal sleep characteristics and screen time;
however, it was not assessed in the present study. For example, in a
previous British study with 1702 toddlers, shorter nocturnal sleep
duration and later bedtime were associated with more than 1 h of
television watching in evening; however there was no significant
association between nocturnal sleep duration and television
viewing for more than 1 h per day in morning [23]. This is likely to
be explained by the prolonged light exposure of screen before
bedtime that suppresses the secretion of melatonin [83,84] as well
as inappropriate content (eg, violence) in screen use that increase
arousal and anxiety [81], which in turn may disturb nocturnal
sleep. In consideration of this, it may be important for future
studies in toddlers to consider the timing of screen use when
looking into the association between nocturnal sleep characteris-
tics and screen time. Finally, the significant findings reported by
previous studies used examining the association between
nocturnal sleep duration and theminutes of screen time or a cut-off
of 2 h of television viewing time. Given that (1) in our study, the
guideline cut-off for screen time was lower than that in previous
Table 2
Odds ratios and 95% confidence intervals of having longer nocturnal sleep duration.
Nocturnal sleep duration
(mean ± SD) (average h/night)
Unadjusted models Adjusted models
OR (95% CI) p OR (95% CI) p
Age
<20 months (n ¼ 82) 10.9 ± 1.1 Reference Reference
20 months (n ¼ 91) 10.9 ± 1.2 0.81 (0.45e1.48) 0.50 e e
Sex
Boys (n ¼ 84) 10.9 ± 1.3 Reference Reference
Girls (n ¼ 89) 10.8 ± 1.0 0.89 (0.49e1.62) 0.71 e e
Socio-economic status
Low (n ¼ 88) 10.9 ± 1.1 Reference Reference
Middle to high (n ¼ 85) 10.8 ± 1.2 0.89 (0.49e1.62) 0.70 e e
Body mass index
Normal weight (n ¼ 126) 10.9 ± 1.2 Reference Reference
Overweight/obese (n ¼ 47) 10.9 ± 1.0 1.21 (0.62e2.37) 0.58 e e
Total physical activity
More (n ¼ 87) 10.6 ± 1.0 Reference Reference
Less (n ¼ 86) 11.2 ± 1.2 2.38 (1.30e4.39) 0.01* 2.38 (1.27e4.45) 0.01*
MVPA
More (n ¼ 86) 10.8 ± 1.1 Reference Reference
Less (n ¼ 87) 10.9 ± 1.2 1.07 (0.59e1.95) 0.82 1.06 (0.58e1.95) 0.84
Screen time
Meeting the guideline (n ¼ 20) 11.0 ± 1.2 Reference Reference
Not meeting the guideline (n ¼ 153) 10.9 ± 1.2 0.99 (0.39e2.51) 0.98 0.98 (0.38e2.51) 0.97
Nap
Longer (n ¼ 86) 10.6 ± 1.1 Reference Reference
Shorter (n ¼ 87) 11.1 ± 1.1 2.27 (1.24e4.18) 0.01* 2.42 (1.29e4.55) 0.01*
Bedtime
Early (n ¼ 87) 11.5 ± 1.1 Reference Reference
Late (n ¼ 86) 10.3 ± 0.8 0.10 (0.05e0.19) <0.001* 0.09 (0.04e0.18) <0.001*
Wake time
Early (n ¼ 87) 10.3 ± 0.8 Reference Reference
Late (n ¼ 86) 11.1 ± 1.2 4.37 (2.31e8.25) <0.001* 4.42 (2.32e8.42) <0.001*
Adjusted models included age, sex, socio-economic status, and body mass index as covariates. CI, confidence interval; MVPA, moderate to vigorous physical activity; OR, odds
ratio; SD, standard deviation.
*p < 0.05.
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studies, and (2) screen time in some studies [23,25] was not limited
only to television viewing, it could be that the guideline cut-off
used in our study (ie, non-screen time for children under two
years and 1 h of screen time for children two or more years of age)
was too strict to influence nocturnal sleep. However, this hypoth-
esis needs to be tested in future studies looking at the
doseresponse relationship between nocturnal sleep and screen
time.
In our study, older children were more likely to have greater
sleep variability than younger children, whereas null associations
were reported in preschoolers [85,86]. We also found that age was
not associated with nocturnal sleep duration or sleep problems.
However, age has been reported as a correlate of nocturnal sleep
duration in children less than three years of age (ie, infants tend to
sleep more than toddlers) [14,37].
A recent British twin cohort study [23] with 1702 toddlers found
that boys weremore likely to have shorter nocturnal sleep duration
than girls, which contrasts with our findings. Being a girl was also
not associated with nocturnal sleep variability in our study, which
is in line with previous findings in preschoolers [9].
Although socio-economic status and weight status have been
associated with nocturnal sleep characteristics in previous studies
[4,23,87,88], these factors were not associated with nocturnal sleep
duration, sleep variability, or sleep problems in our study.
In a study with involving 184 US preschoolers from low-income
communities, the average nocturnal sleep variability was 1 h [10].
Compared to these older children, the nocturnal sleep variability in
our toddlers was relatively high, approximately 1.5 h on average,
although few correlates were identified herein. At the same time,
60% of toddlers in this study had problems in initiating and
maintaining nocturnal sleep, whereas none of the potential
correlates examined in this study were associated with sleep
problems. These null results seem to be consistent with previous
studies. For example, a null association has been reported between
nap duration and nocturnal sleep variability [31] and nocturnal
sleep problems [22]. Perhaps the correlates of nocturnal sleep
variability and sleep problems in young children are other factors,
such as parents' beliefs, knowledge, and practise [15,16,89,90]. For
example, despite the high prevalence of sleep problems in our
sample, none of the parents perceived the problems in their chil-
dren. At the same time, environmental factors, such as bedroom
arrangement (eg, television in the bedroom [79,91], temperature
[92,93], ventilation [92,94], noise [95], and light [40]) have been
report to that may be related to children's nocturnal sleep, and
therefore should be taken into consideration in future studies.
4.2. Strengths and limitations
To our knowledge, the present study is the first to explore cor-
relates of nocturnal sleep duration, nocturnal sleep variability, and
nocturnal sleep problems in toddlers, with the use of 24-h accel-
erometry data. Accelerometer monitoring is one important
strength of our study, which allows objectivemeasures of nocturnal
sleep duration and variability. However, due to the cross-sectional
design, causality cannot be inferred. Second, our inclusion criteria
were limited to two 24-h periods of accelerometry data, whichmay
not be representative of a child's usual sleep and other movement
behaviour; however, the average wear days of 24-h periods were
more than five days in our sample, with a majority (95.4%) having a
least three days of accelerometry data, which is consistent with
previous studies [96,97]. Third, our sample is not nationally
representative, and therefore the results are not generalizable.
Table 3
Odds ratios and 95% confidence intervals of having greater nocturnal sleep variability.
Nocturnal sleep variability
(mean ± SD) (average min/day)
Unadjusted models Adjusted models
OR (95% CI) p OR (95% CI) p
Age
<20 months (n ¼ 82) 69.4 ± 73.6 Reference Reference
20 months (n ¼ 91) 103.6 ± 151.7 1.97 (1.08e3.61) 0.03* e e
Sex
Boys (n ¼ 84) 84.7 ± 107.2 Reference Reference
Girls (n ¼ 89) 89.9 ± 135.0 0.71 (0.39e1.28) 0.25 e e
Socio-economic status
Low (n ¼ 88) 99.0 ± 135.3 Reference Reference
Middle to high (n ¼ 85) 75.4 ± 105.9 0.59 (0.32e1.07) 0.08 e e
Body mass index
Normal weight (n ¼ 126) 87.0 ± 112.0 Reference Reference
Overweight/obese (n ¼ 47) 88.3 ± 128.5 0.58 (0.29e1.14) 0.12 e e
Total physical activity
More (n ¼ 87) 96.7 ± 154.7 Reference Reference
Less (n ¼ 86) 77.9 ± 75.5 1.18 (0.65e2.14) 0.59 1.27 (0.68e2.40) 0.45
MVPA
More (n ¼ 86) 100.3 ± 155.2 Reference Reference
Less (n ¼ 87) 74.6 ± 73.6 1.12 (0.62e2.04) 0.70 1.23 (0.66e2.31) 0.51
Screen time
Meeting the guideline (n ¼ 20) 70.7 ± 61.8 Reference Reference
Not meeting the guideline (n ¼ 153) 89.6 ± 127.7 2.04 (0.77e5.38) 0.15 2.13 (0.77e5.90) 0.15
Nap
Longer (n ¼ 86) 78.8 ± 104.8 Reference Reference
Shorter (n ¼ 87) 95.8 ± 137.0 1.02 (0.56e1.86) 0.94 1.02 (0.54e1.94) 0.95
Bedtime
Early (n ¼ 87) 79.5 ± 106.3 Reference Reference
Late (n ¼ 86) 95.4 ± 136.2 2.06 (1.13e3.78) 0.02* 1.97 (1.06e3.68) 0.03*
Wake time
Early (n ¼ 87) 67.5 ± 71.9 Reference Reference
Late (n ¼ 86) 107.5 ± 155.1 1.71 (0.94e3.12) 0.08 1.72 (0.92e3.20) 0.09
Adjusted models included age, sex, socio-economic status, and body mass index as covariates. CI, confidence interval; MVPA, moderate to vigorous physical activity; OR, odds
ratio; SD, standard deviation.
*p < 0.05.
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Another limitation is the proxy-reported screen time, which tends
to be subject to parents' bias. Finally, due to the availability of data,
some potential correlates, such as dietary behaviours [98], were not
considered in the analysis.
5. Conclusion
The present study identifies multiple correlates of nocturnal
sleep duration (eg, total physical activity, nap, bedtime, and wake-
up time) and nocturnal sleep variability (eg, age and bedtime) in
toddlers, although our hypothesis regarding the correlates of
nocturnal sleep problems was not confirmed by our results. The
association between late bedtimes and shorter nocturnal sleep
duration, as well as greater nocturnal variability, indicates their
potential to be modifiable targets for future sleep interventions in
early childhood. Future studies with rigorous designs are also
needed to confirm these associations and to explore other corre-
lates of nocturnal sleep in children of the early years.
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11.13. Appendix M – Prevalence of objectively-measured sedentary behaviour in early 
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